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THREE-COMPONENT BIOSENSORS FOR
DETECTING MACROMOLECULES AND
OTHER ANALYTES

CROSS-REFERENCES TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Appli-
cation 61/581,999, filed Dec. 30, 2011, and U.S. application
Ser. No. 12/830,958, filed Jul. 6, 2010, which is a Continua-
tion of U.S. application Ser. No. 11/836,333, filed Jun. 6,
2005 and since issued as U.S. Pat. No. 7,795,009 on Sep. 14,
2010, which claims priority to U.S. Provisional Application
Ser. No. 60/821,876, filed on Aug. 9, 2006, and is also a
continuation-in-part of U.S. application Ser. No. 10/539,107,
filed on Jun. 15, 2005, and since issued as U.S. Pat. No.
7,939,313 on May 10, 2011 each of which is hereby incorpo-
rated by reference in its entirety.

GOVERNMENTAL RIGHTS

This invention was made, in part, with government support
under grant numbers R21/R33CA 94356 and 1 R4l
GMO079891-01 awarded by the National Institutes of Health;
grant number 200-2010-M-36540 awarded by the CDC; and
grant number HHSN261201000040C awarded by the
National Cancer Institute. The United States Government has
certain rights in this invention.

FIELD OF THE INVENTION

The invention relates to three-component molecular bio-
sensors, and methods for detecting several types of target
molecules, such as antibodies. The invention also relates to
solid surfaces immobilized with one component of the bio-
sensor.

REFERENCE TO SEQUENCE LISTING

A paper copy of the sequence listing and a computer read-
able form of the same sequence listing are appended below
and herein incorporated by reference. The information
recorded in computer readable form is identical to the written
sequence listing, according to 37 C.F.R. 1.821(%).

BACKGROUND OF THE INVENTION

The detection, identification and quantification of specific
molecules in our environment, food supply, water supply and
biological samples (blood, cerebral spinal fluid, urine, et cet-
era) can be very complex, expensive and time consuming.
Methods utilized for detection of these molecules include gas
chromatography, mass spectroscopy, DNA sequencing,
immunoassays, cell-based assays, biomolecular blots and
gels, and myriad other multi-step chemical and physical
assays.

There continues to be a high demand for convenient meth-
odologies for detecting and measuring the levels of specific
proteins in biological and environmental samples. Detecting
and measuring levels of proteins is one of the most funda-
mental and most often performed methodologies in biomedi-
cal research. While antibody-based protein detection meth-
odologies are enormously useful in research and medical
diagnostics, they are not well adapted to rapid, high-through-
put parallel protein detection.

Previously, the inventor had developed a fluorescent sensor
methodology for detecting a specific subclass of proteins, i.e.,
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sequence-specific DNA binding proteins (Heyduk, T.; Hey-
duk, E. Nature Biotechnology 2002, 20, 171-176; Heyduk,
E.; Knoll, E.; Heyduk, T. Analyt. Biochem. 2003, 316, 1-10;
U.S. Pat. No. 6,544,746 and copending patent application Ser.
No. 10/062,064, PCT/US02/24822 and PCT/US03/02157,
which are incorporated herein by reference). This methodol-
ogy is based on splitting the DNA binding site of proteins into
two DNA “half-sites.”” Each of the resulting “half-sites™ con-
tains a short complementary single-stranded region of the
length designed to introduce some propensity for the two
DNA “half-sites” to associate recreating the duplex contain-
ing the fully functional protein binding site. This propensity is
designed to be low such that in the absence of the protein only
a small fraction of DNA half-sites will associate. When the
protein is present in the reaction mixture, it will bind only to
the duplex containing fully functional binding site. This
selective binding will drive association of DNA half-sites and
this protein-dependent association can be used to generate a
spectroscopic signal reporting the presence of the target pro-
tein. The term “molecular beacons” is used in the art to
describe the above assay to emphasize that selective recogni-
tion and generation of the signal reporting the recognition
occur in this assay simultaneously. Molecular beacons for
DNA binding proteins have been developed for several pro-
teins illustrating their general applicability (Heyduk, T.; Hey-
duk, E. Nature Biotechnology 2002, 20, 171-176, which is
herein incorporated by reference). Their physical mechanism
of'action has been established and they have also been used as
a platform for the assay detecting the presence of ligands
binding to DNA binding proteins (Heyduk, E.; Knoll, E.;
Heyduk, T. Analyt. Biochem. 2003, 316, 1-10; Knoll, E.;
Heyduk, T. Analyt. Chem. 2004, 76, 1156-1164; Heyduk, E.;
Fei, Y.; Heyduk, T. Combinatorial Chemistry and High-
throughput Screening 2003, 6, 183-194, which are incorpo-
rated herein by reference.) While already very useful, this
assay is limited to proteins that exhibit natural DNA binding
activity.

SUMMARY OF THE INVENTION

One aspect of the invention encompasses a three-compo-
nent molecular biosensor. The molecular biosensor generally
comprises two epitope binding agents and an oligonucleotide
construct, as further detailed herein.

A further aspect of the invention provides a composition.
The composition typically comprises a surface immobilized
with an oligonucleotide construct, and two epitope binding
agents, as described more fully herein.

Yet another aspect of the invention provides a method for
detecting a target in a sample. The method comprises con-
tacting a surface immobilized with an oligonucleotide con-
struct, two epitope binding agents, and a sample; and detect-
ing whether the epitope binding agents bind to the
oligonucleotide construct. Binding of the epitope binding
agents to the oligonucleotide construct indicates the presence
of target in the sample.

Other features and aspects of the invention are described in
more detail herein.

REFERENCE TO COLOR FIGURES

The application file contains at least one photograph
executed in color. Copies of this patent application publica-
tion with color photographs will be provided by the Office
upon request and payment of the necessary fee.

DESCRIPTION OF THE FIGURES

FIG. 1. Overall design of molecular beacons for detecting
proteins. (A) Variant of the design for targets lacking natural
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DNA binding activity. The beacon in this case will be com-
posed of two aptamers developed to recognize two different
epitopes of the protein. (B) Variant of the design for a target
exhibiting natural DNA binding activity. The beacon in this
case will be composed of a short double-stranded DNA frag-
ment containing the DNA sequence corresponding to the
DNA-binding site and an aptamer developed to recognize a
different epitope of the protein.

FIG. 2. Methods for preparing aptamers to be used in
molecular biosensors. (A) Selection of an aptamer in the
presence of a known aptamer construct. The in vitro evolution
process is initiated with a nucleic acid construct, an aptamer
construct (composed of a known aptamer (thick black line), a
linker (thin black line), and a short oligonucleotide sequence
(light gray bar)), and the target (gray). The light gray bars
depict complementary short oligonucleotide sequences. (B)
Simultaneous selection of two aptamers that bind distinct
epitopes of the same target (gray). The in vitro evolution
process is initiated with two types of nucleic acid constructs
(the primer1-2 construct and the primer3-4 construct) and the
target. The light gray bars depict short complementary
sequences at the end of the two types of nucleic acid con-
structs. (C) Alternative design for simultaneous selection of
two aptamers that bind distinct epitopes of the same target
(gray).An additional pair of short oligonucleotides (light gray
bars) connected by a flexible linker is present during the
selection process. These oligonucleotides will be comple-
mentary to short oligonucleotide sequences at the end of the
nucleic acid constructs (in primer 1 and primer 4). Their
presence during selection will provide a bias towards select-
ing pairs of aptamers capable of simultaneously binding to
the target. Before cloning of the selected nucleic acid con-
structs the pairs of selected sequences will be ligated to pre-
serve the information regarding the preferred pairs between
various selected constructs. (D) Selection of an aptamer in the
presence of a known antibody construct. The in vitro evolu-
tion process is initiated with a nucleic acid construct, an
antibody construct (composed of a known antibody (black), a
linker, and a short oligonucleotide sequence (light gray)), and
the target (gray). The light gray colored bars depict comple-
mentary short oligonucleotide sequences. (E) Selection of an
aptamer in the presence of a known double-stranded DNA
construct. The in vitro evolution process is initiated with a
nucleic acid construct, an aptamer construct (composed of a
known double-stranded DNA sequence (black), a linker, and
a short oligonucleotide sequence (light gray)), and the target
(gray). The light gray bars depict complementary short oli-
gonucleotide sequences.

FIG. 3. Comparison of the design of molecular beacons for
DNA binding proteins (A) and molecular beacons for detect-
ing proteins based on aptamers directed to two different
epitopes of the protein (B).

FIG. 4. Aptamer constructs containing aptamers binding
thrombin at fibrinogen exosite (60-18 [29]) (gray arrow) and
at heparin exosite (G15D) (black arrow).

FIG. 5. Binding of fluorescein-labeled aptamers to throm-
bin. (A) Binding of 60-18 [29] aptamer (THR1) (50 nM)
detected by fluorescence polarization; (B) Binding of G15D
aptamer (THR2) (50 nM) detected by change in fluorescence
intensity; (C) Quantitative equilibrium titration of fluores-
cein-labeled G15D aptamer (THR2) (20 nM) with thrombin.
Solid line represents nonlinear fit of experimental data to an
equation describing formation of 1:1 complex between the
aptamer and thrombin; (D) Quantitative equilibrium titration
of fluorescein-labeled G15D aptamer (THR2) (20 nM) with
thrombin in the presence often fold excess ofunlabeled 60-18
[29] aptamer (THR3). Solid line represents nonlinear fit of
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experimental data to an equation describing formation of 1:1
complex between the aptamer and thrombin.

FIG. 6. llustration of the competition between thrombin
aptamer constructs and fluorescein-labeled G15D aptamer
(THR2) for binding to thrombin. Fluorescence spectra of 50
nM fluorescein-labeled G15D (THR2) with and without
thrombin in the absence of competitor (A), in the presence of
150 nM THR3 (B), in the presence of 150 nM THR4 (C), and
in the presence of 150 nM THR7 (D).

FIG. 7. Summary of experiments probing competition
between thrombin aptamer constructs and fluorescein-la-
beled G15D aptamer (THR2) for binding to thrombin. Fluo-
rescence intensity of fluorescein-labeled G15D aptamer
(THR2) (50 nM) in the absence and the presence of the
competitor (250 nM) was used to determine % of THR2
bound in the presence of the competitor. Thrombin concen-
tration was 75 nM. The values of dissociation constants
shown in the figure were calculated from a separate experi-
ment in which 200 nM fluorescein-labeled G15D aptamer
(THR2), 200 nM competitor and 150 nM thrombin were
used.

FIG. 8. The effect of 60-18 [29] aptamer (THR3) on the
competition between fluorescein-labeled G15D aptamer
(THR2) and THRS construct for binding to thrombin. Fluo-
rescence spectra of 200 nM fluorescein-labeled G15D
(THR2) with and without thrombin (150 nM) in the absence
of'the competitor (A), in the presence of 1000 nM THR3 and
200 nM THRS (B), in the presence of 1000nM THR3 (C), and
in the presence of 200 nM THRS (D).

FIG. 9. Binding of THR7 aptamer construct to thrombin
detected by gel electrophoresis mobility shift assay. Samples
of 417 nM THR7 were incubated with various amounts of
thrombin (0 to 833 nM) and after 15 min incubation were
loaded on a native 10% polyacrylamide gel. (A) Image of the
gel stained with Sybr Green. (B) Intensity of the band corre-
sponding to THR7-thrombin complex as a function of throm-
bin concentration.

FIG. 10. Family of bivalent thrombin aptamer constructs in
which G15D (black arrows) and 60-18 [29] (gray arrows)
aptamers were connected to a 20 bp DNA duplex by a 9-27 nt
long poly T linker.

FIG. 11. Binding of thrombin to bivalent aptamer con-
structs (33 nM each) illustrated in FIG. 10 detected by elec-
trophoretic mobility shift assay (EMSA). Asterisk marks the
lane best illustrating preferential binding of thrombin to con-
structs with 27 and 17 nt poly T linker over the constructs with
9 nt poly T linker. Thrombin concentration was varied from 0
to 400 nM.

FIG. 12. Thrombin beacon design using G15D (black
arrows) and 60-18 [29] (gray arrows) aptamers connected to
9 bp fluorophore (or quencher)-labeled “signaling” duplex
through 17 nt poly T linker. (A) Nucleotide sequence of the
fluorescein-labeled G15D construct (THR9) and dabceyl-la-
beled 60-18 [29] construct (THRS). (B) Mechanism of sig-
naling by thrombin beacon. (C) Fluorescence signal change
detected upon addition of thrombin to the thrombin beacon.
For comparison, titration of the fluorescein-labeled G15D
construct (THR9) with thrombin in the absence of dabcyl-
labeled 60-18 [29] construct (THRS) is also shown (donor
only curve).

FIG. 13. A thrombin beacon design. G15D (black arrows)
and 60-18 [29] (gray arrows) aptamers were connected to 7 bp
fluorophore (or quencher)-labeled “signaling” duplex
through a linker containing 5 Spacer18 units. (A) Nucleotide
sequence of the fluorescein-labeled G15D construct (THR21)
and dabceyl-labeled 60-18 [29] construct (THR20). X corre-
sponds to Spacer 18 moiety. (B) Mechanism of signaling by
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thrombin beacon. (C) Fluorescence signal change detected
upon addition of thrombin to the thrombin beacon. For com-
parison, titration of the fluorescein-labeled G15D construct
(THR21) with thrombin in the absence of dabcyl-labeled
60-18 [29] construct (THR20) is also shown (donor only
curve). Signal change (%) was calculated as 100*(lo-I)/Io
where [ and lo correspond to dilution-corrected fluorescence
emission intensity observed in the presence and absence of a
given thrombin concentration, respectively. Inset shows fluo-
rescence emission spectra recorded at various concentrations
of thrombin corresponding to data points in the main graph.

FIG. 14. Binding of thrombin to the beacon illustrated in
FIG. 13 (THR20/THR21) detected by gel electrophoresis
mobility shift assay. The gel was imaged for fluorescein emis-
sion (i.e. only THR21 component of the beacon is visible).

FIG. 15. (A) Sensitivity of thrombin detection at two dif-
ferent concentrations of the beacon. Squares: 50 nM THR21
and 95 nM THR20. Circles: 5 nM THR21 and 9.5 nM
THR20. (B) Specificity of the beacon for thrombin. 50 nM
THR21 and 95 nM THR20 were titrated with thrombin (open
circles) and trypsin (closed circles).

FIG. 16. Reversal of thrombin beacon signal by competitor
aptamer constructs. Fluorescence intensity of 50 nM THR21,
95 nM THR20, and 100 nM thrombin was measured at
increasing concentrations of competitor DNA’s. The data are
plotted as a relative fluorescence increase with respect to a
signal (Fo) of a starting beacon and thrombin mixture. Open
squares: THR7; filled circles: THR14/THR15; filled squares:
THR16/THR17; filled triangles: THR18/THR19; open tri-
angles: THR3; gray filled inverted triangles: THR4; open
triangles: nonspecific single stranded DNA.

FIG. 17. The binding of aptamer constructs to thrombin.
(A) Binding of G15D aptamer (THR2) (50 nM) detected by
change in fluorescence intensity of 5' fluorescein moiety.
Solid line represents the best fit of the experimental data to a
simple 1:1 binding isotherm. (B) Binding of G15D aptamer
(THR2) in the presence of 10x excess of unlabeled 60-18 [29]
aptamer. Solid line represents the best fit of the experimental
data to a simple 1:1 binding isotherm. (C) Summary of
experiments probing competition between thrombin aptamer
constructs and fluorescein-labeled G15D aptamer (THR2).
Fluorescence intensity of THR2 (200 nM) was used to deter-
mine % THR2 bound in the presence of competitor (200 nM).
Thrombin was 150 nM. The labels above each bar indicate
relative affinity (expressed as fold increase of affinity con-
stant) of the competitor compared to the affinity of THR2
aptamer. (D) Binding of THR7 aptamer construct to thrombin
detected by gel electrophoresis mobility shift assay. Intensity
of the band corresponding to THR7-thrombin complex is
plotted as a function of thrombin concentration. Inset: Image
of'the gel stained with Sybr Green. Fluorescence change (%)
was calculated as 100*(I-Io)/Io where I and Io correspond to
dilution-corrected fluorescence emission intensity observed
in the presence and absence of a given thrombin concentra-
tion, respectively.

FIG. 18. Variants of thrombin beacon with various combi-
nations of donor-acceptor fluorophores. (A) fluorescein-dab-
cyl; (B) fluorescein-Texas Red; (C) fluorescein-Cy5, (D)
Cy3-CyS. Emission spectra of the beacon in the absence
(solid line) and presence (line with Xs) of thrombin are
shown. Insets show images of microplate wells containing
corresponding beacon and indicated concentrations of throm-
bin. The images were obtained on Bio-Rad Molecular Imager
FX using the following excitation-emission settings: (A) 488
nm laser—530 nm bandpass filter; (B) 488 nm laser—640 nm
bandpass filter; (C) 488 nm laser—695 nm bandpass filter;
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(D) 532 nm laser—695 nm bandpass filter. Fluorescence is in
arbitrary units (corrected for instrument response) and is plot-
ted in a linear scale.

FIG. 19. Response curves for the beacon with various
combinations of donor-acceptor pairs. (A) fluorescein-dab-
cyl, (B) fluorescein-Texas Red, (C) Cy3-CyS5, (D) fluores-
cein-Cy5, (E) europium chelate-CyS5, (F) Fold signal change
observed for indicated donor-acceptor pair at saturating
thrombin concentration. Insets show expanded view of data
points at low thrombin concentrations. In all experiments 5
nM donor-labeled and 5.5 nM acceptor-labeled aptamer con-
structs were used. Signal change (fold) was calculated as I/To
where I and lo correspond to dilution-corrected acceptor fluo-
rescence emission intensity (measured with donor excitation)
observed in the presence and absence of a given thrombin
concentration, respectively. Buffer background was sub-
tracted from I and Io before calculating signal change.

FIG. 20. The dependence of the sensitivity of the thrombin
beacon on a donor-acceptor pair. Response of 10 nM donor-
labeled and 11 nM acceptor-labeled beacon was determined
at low thrombin concentrations using beacon labeled with
fluorescein-dabeyl pair (triangles), fluorescein-Texas Red
pair (inverted triangles), and fluorescein-Cy5 pair (circles).
Averages and standard deviations of four independent experi-
ments are shown.

FIG. 21. The reproducibility and stability of thrombin bea-
con. (A) Five independent determinations of beacon signal at
four different thrombin concentrations were performed. Data
shown represent mean+/—standard deviation. (B) Thrombin
beacon signal at four thrombin concentrations was monitored
over time up to 24 hours. Data shown represent mean+/—
standard deviation of 5 independent measurements. Beacon
containing 5 nM fluorescein-labeled aptamer (THR21) and
5.5 nM Texas Red-labeled aptamer (THR27) was used in this
experiment.

FIG. 22. shows the determination of Z'-factor for thrombin
beacon. Panel in the middle of the plot shows an image of
wells of the microplate corresponding to the experiment
shown in a graph (the upper half of wells are +thrombin, the
lower half of the wells is —thrombin. Beacon containing with
5 nM fluorescein-labeled aptamer (THR21) and 5.5 nM Texas
Red-labeled aptamer (THR27) was used in this experiment.
Signal corresponds to a ratio of acceptor to donor emission (in
arbitrary units) measured with donor excitation.

FIG. 23. The detection of thrombin in complex mixtures.
(A) Response of thrombin beacon at 1 nM thrombin concen-
tration in the absence and presence of the excess of unrelated
proteins. The data shown are averages and standard deviation
of 4 independent experiments. (B) Detection of thrombin in
Hela extract “spiked” with various amounts of thrombin.
Data shown are averages and standard deviation from 3 inde-
pendent measurements. Concentrations of thrombin in cell
extract were (from left to right): 0, 1.88 nM, 3.75 nM, and 7.5
nM. Signal for beacon mixture alone was ~25% lower then
when cell extract (no thrombin added) was present (not
shown) which was essentially the same as the signal observed
in the presence of cell extract and specific competitor. (C)
Time course of prothrombin to thrombin conversion cata-
lyzed by Factor Xa monitored by thrombin beacon. (D)
Detection of thrombin in plasma. Data shown are averages
and standard deviation from 4 independent measurements.
The volumes of plasma used (per 20 ml assay mixture) were
(from left to right): 0 ml, 0.005 ml, 0.015 ml, and 0.045 ml.
“Specific” refers to unlabeled thrombin aptamer competitor
(THR7) whereas “nonspecific” refers to random sequence 30
nt DNA. Signal in panels A, B and D corresponds to a ratio of
acceptor to donor emission measured with donor excitation.
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Signals were normalized to value of 1 for beacon mixture
alone (panels A and D) and beacon mixture in the presence of
cell extract (panel B). Panel C shows raw acceptor fluores-
cence intensity (with donor excitation).

FIG. 24. Various formations of molecular biosensors.

FIG. 25. The experimental demonstration of the sensor
design shown in FIG. 24F. (A) Principle of sensor function.
(B) Increase of sensitized acceptor fluorescence upon titra-
tion of increasing concentrations of DNA binding protein to
the mixture of donor and acceptor labeled sensor compo-
nents.

FIG. 26. The experimental demonstration of a functioning
sensor design shown in FIG. 24G. (A) Principle of sensor
function. (B) Increase of sensitized acceptor fluorescence
(emission spectrum labeled with “+”) upon addition of
single-stranded DNA containing two distinct sequence ele-
ments complementary to sensor elements to the mixture of
two donor and acceptor labeled sensor components (spectrum
labeled with “-").

FIG. 27. The experimental demonstration of the increased
specificity of the sensor design compared to assays based on
a single, target macromolecule-recognizing element. (A)
Three molecular contacts providing free energy (AG). (B)
Nonspecific binding. (C) No signal with the beacon.

FIG. 28. Summarizes the selection of an aptamer that binds
to thrombin at an epitope distinct from the binding site of the
G15D aptamer. (A) An illustration of the reagents used to
begin the process of selection. (B) The graph indicates the
increase in thrombin binding with successive rounds of selec-
tion. (C) The sequences represent aptamers developed after
12 rounds of selection.

FIG. 29. The demonstration of the functional thrombin
sensor comprising Texas Red-labeled THR27 and fluores-
cein-labeled THR35 or THR36 (both contain the sequence
corresponding to that of clones 20, 21, 24, and 26 of FIG.
28C). The fluorescence image represents the specificity of
either 20 nM (panel A) or 100 nM (panel B) of the indicated
biosensor.

FIG. 30. Summarizes the simultaneous selection of two
aptamers that bind to thrombin at distinct epitopes. (A) An
illustration of the reagents used to begin the process of selec-
tion. (B) The graph indicates the increase in thrombin binding
with successive rounds of selection. (C) The sequences rep-
resent aptamers developed after 13 rounds of selection.

FIG. 31. Summarizes the selection of an aptamer that binds
to CRP at an epitope distinct from the DNA-binding site. (A)
An illustration of the reagents used to begin the process of
selection. (B) The graph indicates the increase in thrombin
binding with successive rounds of selection. (C) The
sequences represent aptamers developed after 11 rounds of
selection.

FIG. 32. A diagram of methods for permanently linking the
two aptamers recognizing two distinct epitopes of the target.
(A) Two complimentary oligonucleotides are attached using
linkers to each of the aptamers. These oligonucleotides are
long enough (typically >15 bps) to form a stable duplex
permanently linking the two aptamers. (B) The two aptamers
are connected directly via a linker.

FIG. 33. Example of a potential sensor design utilizing
three sensing components. In this design the target is a com-
plex of three components (black, dark gray, and light gray
ovals). Each of the aptamers recognizes one of the compo-
nents of the complex. Signals of different color from each of
the two signaling oligonucleotide pairs could be used to dis-
criminate between the entire complex containing all three
components with alternative sub-complexes containing only
two of the components.
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FIG. 34. Depicts an experiment demonstrating the feasi-
bility of an antibody-based molecular biosensor as shown in
FIG. 24D. (A) Design of the model system used; (B) Signal
generated by the sensor at various concentrations of biotin
labeled CRP. The signal corresponds to intensity of emission
at 670 nm (CyS5) upon excitation at 520 nm (fluorescein) (C)
Specificity of the sensor response. The FRET signal is
responsive to both cAMP and streptavidin.

FIG. 35. Depicts an experiment demonstrating the feasi-
bility of an antibody-based molecular biosensor composed of
two antibodies recognizing distinct epitopes of the same tar-
get. (A) Design of the model system used; (B) Signal gener-
ated by the sensor at various concentrations of biotin-DNA-
digoxin. Signal corresponds to intensity of emission at 670
nm (Cy5) upon excitation at 520 nm (fluorescein) (C) Speci-
ficity of pincer response.

FIG. 36. Illustrates the procedure for attaching signaling
oligonucleotides to antibodies. Peaks 1-3 denote three peaks
eluting from a ResourceQ column. Samples from these peaks
were run on a native polyacrylamide gel and visualized using
a Molecular Imager FX with fluorescein emission settings
(the signaling oligonucleotide used to label the antibody was
labeled with fluorescein). No fluorescence was found in peak
1 (suggesting that it contained unlabeled antibody. Peaks 2
and 3 produced fluorescent bands of different mobility indi-
cating that they contain antibody labeled with one (peak 2) or
more (peak 3) signaling oligonucleotides.

FIG. 37. Depicts the relative signal change for a thrombin
sensor obtained with various combinations of donor-acceptor
pairs (Heyduk and Heyduk, Anal Chem, 77:1147-56, 2005).

FIG. 38. (A) Design of the model for a competitive molecu-
lar sensor for detecting a protein. (B) Design of a competitive
sensor for detecting an antigen.

FIG. 39. Depicts an experiment demonstrating the feasi-
bility of an antibody-based competitive molecular biosensor.
(A) Design of the model for a competitive molecular sensor.
(B) Titration of the beacon with unlabeled competitor (biotin-
labeled oligonucleotide).

FIG. 40. Design of competitive antibody beacon utilizing
the antigen attached to fluorochrome-labeled complementary
signaling oligonucleotides. Binding of the antigens to the
bivalent antibody results in proximity-driven hybridization of
the signaling oligonucleotides generating a FRET signal. In
the presence of the competitor antigen, fluorochrome-labeled
antigen is displaced by the competitor resulting in a decrease
in FRET signal. This decrease in FRET signal can be used to
detect the presence of the antigen.

FIG. 41. Implementation of the design illustrated in FIG.
40 for detection of proteins. Synthetic peptide containing the
epitope recognized by the antibody is attached to fluoro-
chrome-labeled complementary signaling oligonucleotides.
Binding of the peptide to the bivalent antibody results in
proximity-driven hybridization of the signaling oligonucle-
otides generating a FRET signal. In the presence of the pro-
tein containing the same epitope, fluorochrome-labeled pep-
tide is displaced by the competitor resulting in a decrease in
FRET signal. This decrease in FRET signal can be used to
detect the presence of the protein.

FIG. 42. (A) Design of a model system to test the design of
competitive antibody beacon illustrated in FIG. 40. Fluoro-
chrome-labeled complementary signaling oligonucleotides
attached to long flexible linkers were labeled with biotin. In
the presence of anti-biotin antibody the two constructs will
bind to the antibody resulting in a FRET signal. (B) Experi-
mental verification of the reaction shown in panel A. A mix-
ture of biotinylated signaling oligonucleotides (50 nM bioti-
nylated ANTBS8 labeled with fluorescein and 50 nM
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biotinylated ANTB6 labeled with Cy5) was titrated with
polyclonal anti-biotin antibody (upper curve). As a control,
the same mixture of biotinylated oligonucleotides was also
titrated with a monovalent Fab anti-biotin antibody fragment.
No FRET signal was observed in this case (lower line) con-
sistent with the need for a bivalent antibody to generate the
FRET signal.

FIG. 43. Proof-of-principle evidence for the feasibility of
the competitive antibody beacon illustrated in FIG. 40. (A)
Design of the assay. (B) Mixture of 50 nM biotinylated
ANTB8 labeled with fluorescein, 50 nM biotinylated ANTB6
labeled with Cy5 and 50 nM anti-biotin antibody was titrated
with a specific competitor (unrelated biotinylated oligonucle-
otide) resulting in expected concentration-dependent
decrease in FRET signal (gray circles). No decrease in FRET
was observed upon titration with the same oligonucleotide
lacking biotin (black circles). In the absence of anti-biotin
antibody only background signal was observed which was
unaffected by addition of the specific competitor (white
circles).

FIG. 44. Table depicting blood clotting times for a throm-
bin beacon and its individual component aptamers.

FIG. 45. Sensor for p53 protein comprising a DNA mol-
ecule containing a p53 binding site and an anti-p53 antibody.
(A) FRET signal in the presence of varying concentrations of
full-length recombinant p53. The sensor design is shown
schematically in the inset. (B) Specificity of sensor signal in
the presence of p53.

FIG. 46. Sensor for cardiac Troponin I (CTnl) based on two
antibodies recognizing nonoverlapping epitopes of the pro-
tein. Plotted is the FRET signal with 50 nM of the sensor
components in the presence of increasing concentrations of
troponin I.

FIG. 47. Response of troponin sensor at various concen-
trations of sensor components to different concentration of
troponin I (Ctnl).

FIG. 48. Competitive sensor for cardiac Troponin I (CTnl).
(A) FRET signal in the presence of increasing concentration
of'the anti-troponin antibody. The inset demonstrates compe-
tition by the unlabeled N-terminal CTnl peptide. (B) Com-
petitions with intact CTnl protein. (C) Design of the sensor.

FIG. 49. Comparison of the two-component sensor design
(A) and the three-component sensor design (B).

FIG. 50. Proof-of-principle for the three-component sensor
design. The FRET signal is plotted as a function of various
concentrations of the target.

FIG. 51. Insensitivity of the three-component sensor
design to the concentration of the S3 component. (A) Sche-
matics illustrating the binding of S1 and S2 in the absence
(top) and presence (bottom) of target. (B) Experimental con-
firmation of the principles described in (A). FRET signal of
the sensor was measured in the presence and absence of target
(T) at various concentrations of S3. Inset plots the back-
ground signal in the absence of T at various concentrations of
S3.

FIG. 52. Homogenous signal amplification utilizing the
three-component sensor design. Hybridized S3 comprises a
restriction endonuclease recognition site.

FIG. 53. Proof-of-principle for the signal amplification
scheme depicted in FIG. 52. Cleavage of S3 by Hinc II was
monitored by native gel electrophoresis at various concentra-
tions of target (T) for 4 hours (A) or 24 hrs (B). (C) The
proportion of cleaved S3 after 4 hrs is plotted as a function of
T concentration.

FIG. 54. Solid-surface implementation of the three-com-
ponent biosensor design.
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FIG. 55. Proof-of-principle for the solid-surface imple-
mentation of the three-component biosensor design. (A)
Design of the sensor employing TIRF detection. (B) FRET
signals in the presence and absence of target (T) over time.

FIG. 56. Use of the three-component biosensor design for
a microarray detection of a target.

FIG. 57. (A) Design of homogeneous antibody detection
methodology. (B) Design of the variant of antibody detection
methodology involving target-induced binding to a capture
oligonucleotide (black bar). (C) Design of multiplexed chip
assay for antibody detection. Green and red circles depict
fluorescence probes capable of producing FRET signal when
brought to proximity in the presence of the target antibody.

FIG. 58. Experimental validation of assay design depicted
in FIG. 57B. (A&B) Capture oligonucleotide (S31) binding
affinity for biotin-oligonucleotide construct (A1(ATTO520))
in the absence of the anti-biotin antibody. Binding was moni-
tored by fluorescence polarization of A1(ATTO520). (C&D)
Capture oligonucleotide (S31) binding affinity for biotin-
oligonucleotide constructs (A1(ATTO520) and A2(Cy5)) in
the presence of the anti-biotin antibody. Binding was moni-
tored by FRET signal resulting from 531-A1(ATTO520)-A2
(Cy5)-antibody complex formation. No FRET signal was
observed in the absence of the antibody (-anti curve). (E&F)
Detection of anti-troponin antibody in solution (closed
circles) using design depicted in FIG. 57B. Binding was
monitored by FRET signal resulting from S32-A3-P1-A4-
Pl-antibody complex formation. A mixture of 75 nM S32 and
10 nM of A3-P1 and A4-P1 was titrated with anti-biotin
antibody. No FRET signal was observed in the presence of
unrelated antibody (anti-phosphotroponin antibody; open
circles).

FIG. 59. Detection of anti-troponin using 50 nM AS5-P1
SO-peptide conjugate (A&B), anti-RNAP using 50 nM
AS5-P2 SO-peptide conjugate (C&D) and anti-FLLAG using 50
nM A5-P3 SO-peptide conjugate (E&F) using assay employ-
ing capture oligonucleotide (S33) immobilized on solid sup-
port (as depicted in FIG. 57C). Each of the panels shows Cy3
fluorescence image of the portion of 96-well plate with 3
repeats of the titration with target and control antibodies. The
plots below the images depict total fluorescence measured at
each antibody concentration. Anti-insulin antibody was used
as a negative control. The same design was also used to detect
anti-HCV IgM (G), anti-HCV core 1gG (H) and human IgG
.

FIG. 60. Comparison of anti-troponin I antibody detection
with 50nM A4-P1 SO-peptide conjugate in buffer (A&B) and
when spiked into 25% serum (C&D) using capture oligo-
nucleotide S33 immobilized on solid support. Each of the
panels shows Cy3 fluorescence image of the portion of
96-well plate with 3 repeats of the titration. The plots below
the images depict total fluorescence measured at each anti-
troponin antibody concentration (red symbols) and negative
control antibody (ant-insulin; blue symbols).

FIG. 61. (A) Design ofhomogeneous assay for detection of
pathogens. (B). Standard curve for the detection of £. coli
0175:H7.

FIG. 62. Multiplexed detection of antibodies using design
illustrated in FIG. 57C. (A) Fluorescence images (Cy3 emis-
sion, top panel; FAM emission, lower panel) of microplate
wells containing indicated immobilized capture oligonucle-
otides incubated with and without corresponding antibodies
in the presence of indicated SO-peptide conjugates (50 nM
when present). (B) Experiment as in A but a mixture of
indicated SO-peptide conjugates was present in all wells.

FIG. 63. (A) Design of solid-surface based assay for CEA.
(B) Detection of CEA using assay depicted in panel A using
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20 nM mixture of anti-CEA antibodies labeled with A8/A10
and A9/A11 SO’s using S36 immobilized on solid support.
Inset: Data at low CEA concentrations.

FIG. 64. (A) Design of solid-surface based assay for patho-
genic bacteria (E. coli 0157:H7). (B) Detection of E. coli
0157:H7 using assay depicted in panel A using 20 nM anti E.
coli 0157:H7 antibodies labeled with A8/A10 SO using S37
immobilized on solid support. Inset: Specificity of the detec-
tion. Fluorescence measured for £. coli 0157:H7 (black sym-
bols) compared with the signal observed for a negative con-
trol (red symbols; F. coli K12).

FIG. 65. (A) Design of particle-based LRET anti-troponin
antibody detection assay. (B) Detection of the target antibody
(black symbols) and negative control antibody (anti-phos-
photroponin; open symbols) using assay depicted in panel A.
Assay mixture contained 11 nM terbium chelate-labeled neu-
travidin and 25 nM A4-P1. Neutravidin was saturated with
S33 capture oligonucleotide.

FIG. 66. (A) Design of solid-surface based PINCER assay
without using fluorescence dyes, (B) Design for the detection
of protein targets, (C) Design for the detection of Pathogens
and (D) Detection of human albumin using Biacore.

FIG. 67. Titration of the mixture of 10 nM mixture of
A1(ATTOS520) and A2(CyS) SO’s with indicated CO’s in the
presence (red symbols) and absence (blue symbols) of anti-
biotin antibody.

FIG. 68. Detection of anti-biotin antibody using assay
design depicted in FIG. 1B. Indicated concentrations of anti-
biotin antibody were added to 10 nM mixture of
A1(ATTOS520) and A2(Cy5) in the absence (blue symbols) or
presence (red symbols) of 75 nM CO1.

FIG. 69. (A) Schematic depiction of assay behavior at high
concentration of CO. (B) Comparison of FRET signal in the
presence and absence of target (T) as a function of CO con-
centration. An oligonucleotide-based model assay depicted in
panel D was used in this experiment. A 20 nM mixture of A11
and A12 was titrated with CO13 in the absence (black sym-
bols) and presence of 20 nM T (red symbols). (C) Data in the
absence of T plotted using expanded scale. (D) Oligonucle-
otide-based model system.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is directed to molecular biosensors
that may be utilized in several different methods, such as the
detection of a target molecule. In one design, the biosensor is
comprised of two components, which comprise two epitope-
binding agent constructs. In the two-component design,
detection of a target molecule typically involves target-mol-
ecule induced co-association of two epitope-binding agent
constructs that each recognize distinct epitopes on the target
molecule. The epitope-binding agent constructs each com-
prise complementary signaling oligonucleotides that are
labeled with detection means and are attached to the epitope-
binding agents through a flexible linker. Co-association of the
two epitope-binding agent constructs with the target mol-
ecule results in bringing the two signaling oligonucleotides
into proximity such that a detectable signal is produced.

Alternatively, in another design the biosensor is comprised
of three components, which comprise two epitope-binding
agent constructs and an oligonucleotide construct. In the
three-component design, analogous to the two-component
design, detection of a target molecule typically involves tar-
get-molecule induced co-association of two epitope-binding
agent constructs that each recognize distinct epitopes on the
target molecule. Unlike the two-component design, however,
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the epitope-binding agent constructs each comprise non-
complementary signaling oligonucleotides that are labeled
with detection means and are attached to the epitope-binding
agents through a flexible linker. Each signaling oligonucle-
otide is complementary to two distinct regions on the oligo-
nucleotide construct. Co-association of the two epitope-bind-
ing agent constructs with the target molecule results in
hybridization of each signaling oligonucleotide to the oligo-
nucleotide construct. Binding of the two signaling oligo-
nucleotides to the oligonucleotide construct brings them into
proximity such that a detectable signal is produced.

Advantageously, the molecular biosensors, irrespective of
the design, provide a rapid homogeneous means to detect a
variety of target molecules, including but not limited to pro-
teins, carbohydrates, macromolecules, and analytes. In an
exemplary embodiment, a biosensor may be used to detect a
target antibody. For instance, a target antibody may be a
disease or disorder specific antibody. Nonlimiting examples
of'target antibodies may be anticancer antibodies, antimicro-
bial antibodies, or autoimmune antibodies. In some embodi-
ments target antibodies may be IgG, IgM, IgA, or IgE. In
particular, as illustrated in the Examples, the three-compo-
nent biosensors are useful in several applications involving
solid surfaces.
(D) Two-Component Molecular Biosensors

One aspect of the invention, accordingly, encompasses a
two-component molecular biosensor. Several molecular con-
figurations of biosensors are suitable for use in the invention
asillustrated by way of non-limiting example in FIGS. 24, 33,
and 38. In one embodiment, the molecular biosensor will be
monovalent comprising a single epitope-binding agent that
binds to an epitope on a target molecule. The molecular
biosensor of the invention, however, is typically multivalent.
It will be appreciated by a skilled artisan, depending upon the
target molecule, that the molecular biosensor may comprise
from about 2 to about 5 epitope binding agents. Typically, the
molecular biosensor will comprise 2 or 3 epitope binding
agents and more typically, will comprise 2 epitope binding
agents. In one alternative of this embodiment, therefore, the
molecular biosensor will be bivalent comprising a first
epitope binding agent that binds to a first epitope on a target
molecule and a second epitope binding agent that binds to a
second epitope on the target molecule. In yet another alterna-
tive of this embodiment, the molecular biosensor will be
trivalent comprising a first epitope binding agent that binds to
a first epitope on a target molecule, a second epitope binding
agent that binds to a second epitope on a target molecule and
a third epitope binding agent that binds to a third epitope on a
target molecule.
(a) Bivalent Molecular Sensors

In one alternative of the invention, the molecular biosensor
will be bivalent. In a typical embodiment, the bivalent con-
struct will comprise a first epitope binding agent that binds to
a first epitope on a target molecule, a first linker, a first
signaling oligo, a first detection means, a second epitope
binding agent that binds to a second epitope on the target
molecule, a second linker, a second signaling oligo, and a
second detection means.

In one preferred embodiment, the molecular biosensor
comprises two epitope-binding agent constructs, which
together have formula (I):

RI-R2-R3-R%; and

R>-R&-R7-RS; 10}
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wherein:

R1 is an epitope-binding agent that binds to a first epitope
on a target molecule;

R? is a flexible linker attaching R* to R;

R* and R’ are a pair of complementary nucleotide
sequences having a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole at a tempera-
ture from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM;

R* and R® together comprise a detection means such that
when R® and R” associate a detectable signal is pro-
duced;

R® is an epitope binding agent that binds to a second
epitope on the target molecule; and

RS is a flexible linker attaching R® to R”.

As will be appreciated by those of skill in the art, the choice
of epitope binding agents, R* and R®, in molecular biosensors
having formula (I) can and will vary depending upon the
particular target molecule. By way of example, when the
target molecule is a protein, R' and R®> may be an aptamer, or
antibody. By way of further example, when R! and R® are
double stranded nucleic acid the target molecule is typically a
macromolecule that binds to DNA or a DNA binding protein.
In general, suitable choices for R! and R® will include two
agents that each recognize distinct epitopes on the same target
molecule. In certain embodiments, however, it is also envi-
sioned that R’ and R®> may recognize distinct epitopes on
different target molecules. Non-limiting examples of suitable
epitope binding agents, depending upon the target molecule,
include agents selected from the group consisting of an
aptamer, an antibody, an antibody fragment, a double-
stranded DNA sequence, modified nucleic acids, nucleic acid
mimics, a ligand, a ligand fragment, a receptor, a receptor
fragment, a polypeptide, a peptide, a coenzyme, a coregula-
tor, an allosteric molecule, and an ion. In an exemplary
embodiment, R' and R” are each aptamers having a sequence
ranging in length from about 20to about 110 bases. In another
embodiment, R and R® are each antibodies selected from the
group consisting of polyclonal antibodies, ascites, Fab frag-
ments, Fab' fragments, monoclonal antibodies, and human-
ized antibodies. In an alternative embodiment, R and R® are
peptides. In a preferred embodiment, R' and R® are each
monoclonal antibodies. In an additional embodiment, R' and
R® are each double stranded DNA.. In a further embodiment,
R! is a double stranded nucleic acid and R* is an aptamer. In
an additional embodiment, R* is an antibody and R’ is an
aptamer. In another additional embodiment, R" is an antibody
and R® is a double stranded DNA.

In an additional embodiment for molecular biosensors hav-
ing formula (I), exemplary linkers, R* and R®, will function-
ally keep R? and R” in close proximity such that when R* and
R® each bind to the target molecule, R* and R” associate in a
manner such that a detectable signal is produced by the detec-
tion means, R* and R®. R? and R® may each be a nucleotide
sequence from about 10 to about 100 nucleotides in length. In
one embodiment, R and R® are from 10 to about 25 nucle-
otides in length. In another embodiment, R? and RS are from
about 25 to about 50 nucleotides in length. In a further
embodiment, R? and R® are from about 50 to about 75 nucle-
otides in length. In yet another embodiment, R* and R are
from about 75 to about 100 nucleotides in length. In each
embodiment, the nucleotides comprising the linkers may be
any of the nucleotide bases in DNA or RNA (A, C, T, G in the
case of DNA, or A, C, U, G in the case of RNA). In one
embodiment R* and R® are comprised of DNA bases. In
another embodiment, R* and R are comprised of RNA bases.
Inyet another embodiment, R? and R° are comprised of modi-
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fied nucleic acid bases, such as modified DNA bases or modi-
fied RNA bases. Modifications may occur at, but are not
restricted to, the sugar 2' position, the C-5 position of pyrim-
idines, and the 8-position of purines. Examples of suitable
modified DNA or RNA bases include 2'-fluoro nucleotides,
2'-amino nucleotides, 5'-aminoallyl-2'-fluoro nucleotides and
phosphorothioate nucleotides (monothiophosphate and
dithiophosphate). In a further embodiment, R* and R® may be
nucleotide mimics. Examples of nucleotide mimics include
locked nucleic acids (LNA), peptide nucleic acids (PNA), and
phosphorodiamidate morpholino oligomers (PMO). Alterna-
tively, R? and R® may be a polymer of bifunctional chemical
linkers. In one embodiment the bifunctional chemical linker
is heterobifunctional. Suitable heterobifunctional chemical
linkers include sulfoSMCC (Sulfosuccinimidyl-4-(N-male-
imidomethyl)cyclohexane-1-carboxylate), and 1c-SPDP
(N-Succinimidyl-6-(3'-(2-PyridylDithio)-Propionamido)-
hexanoate). In another embodiment the bifunctional chemi-
cal linker is homobifunctional. Suitable homobifunctional
linkers include disuccinimidyl suberate, disuccinimidyl glu-
tarate, and disuccinimidy] tartrate. Additional suitable linkers
are illustrated in the Examples, such as the phosphoramidate
form of Spacer 18 comprised of polyethylene glycol. In one
embodiment, R* and R° are from 0 to about 500 angstroms in
length. In another embodiment, R? and R® are from about 20
to about 400 angstroms in length. In yet another embodiment,
R?and RS are from about 50 to about 250 angstroms in length.

In a further embodiment for molecular biosensors having
formula (I), R®> and R” are complementary nucleotide
sequences having a length such that they preferably do not
associate unless R and R® bind to separate epitopes on the
target molecule. When R' and R® bind to separate epitopes of
the target molecule, R* and R” are brought to relative prox-
imity resulting in an increase in their local concentration,
which drives the association of R* and R”. R* and R” may be
from about 2 to about 20 nucleotides in length. In another
embodiment, R* and R” are from about 4 to about 15 nucle-
otides in length. In an exemplary embodiment, R* and R” are
from about 5 to about 7 nucleotides in length. In one embodi-
ment, R® and R” have a free energy for association from about
5.5 kcal/mole to about 8.0 kcal/mole as measured in the
selection buffer conditions, defined below. In another
embodiment, R*> and R” have a free energy for association
from about 6.0 kcal/mole to about 8.0 kcal/mole as measured
in the selection buffer conditions defined below. In yet
another embodiment, R® and R” have a free energy for asso-
ciation from about 7.0 kcal/mole to 8.0 kcal/mole in the
selection buffer conditions. In a preferred embodiment, R?
and R” have a free energy for association of 7.5 kcal/mole in
the selection buffer conditions described below. Preferably, in
each embodiment R and R” are not complementary to R* and
R

In a typical embodiment for molecular biosensors having
formula (I), R* and R® may together comprise several suitable
detection means such that when R* and R” associate, a detect-
able signal is produced. Exemplary detections means suitable
for use in the molecular biosensors include fluorescent reso-
nance energy transfer (FRET), lanthamide resonance energy
transfer (LRET), fluorescence cross-correlation spectros-
copy, flourescence quenching, fluorescence polarization,
flow cytometry, scintillation proximity, luminescence reso-
nance energy transfer, direct quenching, ground-state com-
plex formation, chemiluminescence energy transfer, biolumi-
nescence resonance energy transfer, excimer formation,
colorimetric substrates detection, phosphorescence, electro-
chemical changes, and redox potential changes.
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In a further embodiment, the molecular biosensor will have

formula (I) wherein:

R! is an epitope-binding agent that binds to a first epitope
on a target molecule and is selected from the group
consisting of an aptamer, an antibody, a peptide, and a
double stranded nucleic acid;

R? is a flexible linker attaching R* to R by formation of a
covalent bond with each of R! and R?, wherein R? com-
prises a bifunctional chemical cross linker and is from 0
to 500 angstroms in length;

R* and R’ are a pair of complementary nucleotide
sequences from about 4 to about 15 nucleotides in length
and having a free energy for association from about 5.5
kcal/mole to about 8.0 kcal/mole at a temperature from
about 21° C. to about 40° C. and at a salt concentration
from about 1 mM to about 100 mM;

R* and R® together comprise a detection means selected
from the group consisting of fluorescent resonance
energy transfer (FRET), lanthamide resonance energy
transfer (LRET), fluorescence cross-correlation spec-
troscopy, flourescence quenching, fluorescence polar-
ization, flow cytometry, scintillation proximity, lumi-
nescence resonance energy transfer, direct quenching,
ground-state complex formation, chemiluminescence
energy transfer, bioluminescence resonance energy
transfer, excimer formation, colorimetric substrates
detection, phosphorescence, electro-chemical changes,
and redox potential changes;

R® is an epitope binding agent that binds to a second
epitope on the target molecule and is selected from the
group consisting of an aptamer, an antibody, a peptide,
and a double stranded nucleic acid; and

RS is a flexible linker attaching R to R” by formation of a
covalent bond with each of R® and R7, wherein R® com-
prises a bifunctional chemical cross linker and is from 0
to 500 angstroms in length.

Yet another embodiment of the invention encompasses a

molecular biosensor having formula (I)

wherein:

R! is an aptamer that binds to a first epitope on a target
molecule;

R? is a flexible linker attaching R* to R;

R® and R’ are a pair of complementary nucleotide
sequences having a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole at a tempera-
ture from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM;

R* and R® together comprise a detection means such that
when R® and R” associate a detectable signal is pro-
duced;

R? is an aptamer that binds to a second epitope on the target
molecule; and

R® is a flexible linker attaching R® to R”.

A further embodiment of the invention encompasses a

molecular biosensor having formula (I)

wherein:

R! is an aptamer that binds to a first epitope on a target
molecule;

R? is a flexible linker attaching R* to R? by formation of a
covalent bond with each of R! and R?, wherein R? com-
prises a bifunctional chemical cross linker and is from 0
to 500 angstroms in length;

R? and R” are a pair of complementary nucleotide sequence
from about 4 to about 15 nucleotides in length and hav-
ing a free energy for association from about 5.5 kcal/
mole to about 8.0 kcal/mole at a temperature from about

20

25

30

35

40

45

50

55

60

65

16
21° C. to about 40° C. and at a salt concentration from
about 1 mM to about 100 mM;

R* and R® together comprise a detection means selected
from the group consisting of fluorescence resonance
energy transter (FRET), lanthamide resonance energy
transfer (LRET), fluorescence cross-correlation spec-
troscopy, flourescence quenching, fluorescence polar-
ization, flow cytometry, scintillation proximity, lumi-
nescence resonance energy transfer, direct quenching,
ground-state complex formation, chemiluminescence
energy transfer, bioluminescence resonance energy
transfer, excimer formation, colorimetric substrates
detection, phosphorescence, electro-chemical changes,
and redox potential changes;

R? is an aptamer that binds to a second epitope on the target
molecule; and

R® is a flexible linker attaching R> to R” by formation of a
covalent bond with each of R® and R, wherein R® com-
prises a bifunctional chemical cross linker and is from 0
to 500 angstroms in length.

Yet another embodiment of the invention encompasses a

molecular biosensor having formula (I)

wherein:

R! is an peptide that binds to a first epitope on a target
molecule;

R? is a flexible linker attaching R* to R>;

R?® and R’ are a pair of complementary nucleotide
sequences having a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole at a tempera-
ture from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM;

R* and R® together comprise a detection means such that
when R® and R” associate a detectable signal is pro-
duced;

R? is an peptide that binds to a second epitope on the target
molecule; and

R is a flexible linker attaching R> to R”.

Yet another embodiment of the invention encompasses a
molecular biosensor having formula (I)

wherein:

R! is an antibody that binds to a first epitope on a target
molecule;

R? is a flexible linker attaching R' to R?;

R? and R’ are a pair of complementary nucleotide
sequences having a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole at a tempera-
ture from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM;

R* and R® together comprise a detection means such that

when R® and R” associate a detectable signal is pro-
duced;

R’ is an antibody that binds to a second epitope on the
target molecule; and

R® is a flexible linker attaching R® to R”.

In each of the foregoing embodiments for molecular bio-
sensors having formula (I), the first epitope-binding agent
construct, R'-R>-R*-R*, and the second epitope-binding
agent construct, R>-R%-R7-R®, may optionally be attached to
each other by a linker R* to create tight binding bivalent
ligands. Typically, the attachment is by covalent bond forma-
tion. Alternatively, the attachment may be by non covalent
bond formation. In one embodiment, R% attaches R* of the
first epitope-binding agent construct to R’ of the second
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epitope-binding agent construct to form a molecule compris-
ing:

R!I—R2Z—R3—R*
e
R3—R6—R7—RS

In a further embodiment, R* attaches R> of the first
epitope-binding agent construct to RS of the second epitope-
binding agent construct to form a molecule comprising:

RI_RZ_R3_R4
R4
R’>—R6—R’—RS

In yet another embodiment, R attaches R> of the first
epitope-binding agent construct to R” of the second epitope-
binding agent construct to form a molecule comprising:

RI_RZ_RS_R4
RLA
R>—R6—R7—R®

Generally speaking, R“ may be a nucleotide sequence
from about 10 to about 100 nucleotides in length. The nucle-
otides comprising R** may be any of the nucleotide bases in
DNA or RNA (A, C, T, G in the case of DNA, or A, C, U, G
in the case of RNA). In one embodiment, R** is comprised of
DNA bases. In another embodiment, R is comprised of
RNA bases. In yet another embodiment, R* is comprised of
modified nucleic acid bases, such as modified DNA bases or
modified RNA bases. Modifications may occur at, but are not
restricted to, the sugar 2' position, the C-5 position of pyrim-
idines, and the 8-position of purines. Examples of suitable
modified DNA or RNA bases include 2'-fluoro nucleotides,
2'-amino nucleotides, 5'-aminoallyl-2'-fluoro nucleotides and
phosphorothioate nucleotides (monothiophosphate and
dithiophosphate). In a further embodiment, R* and R° may be
nucleotide mimics. Examples of nucleotide mimics include
locked nucleic acids (LNA), peptide nucleic acids (PNA), and
phosphorodiamidate morpholino oligomers (PMO). Alterna-
tively, R may be a polymer of bifunctional chemical linkers.
In one embodiment the bifunctional chemical linker is het-
erobifunctional. Suitable heterobifunctional chemical linkers
include sulfoSMCC (Sulfosuccinimidyl-4-(N-maleimidom-
ethyl)cyclohexane-1-carboxylate), and lc-SPDP (N-Succin-
imidyl-6-(3'-(2-PyridylDithio)-Propionamido)-hexanoate).
In another embodiment the bifunctional chemical linker is
homobifunctional. Suitable homobifunctional linkers include
disuccinimidyl suberate, disuccinimidy] glutarate, and disuc-
cinimidyl tartrate. An exemplary R** is the phosphoramidate
form of Spacer 18 comprised of polyethylene glycol. In one
embodiment, R** is from about 1 to about 500 angstroms in
length. In another embodiment, R* is from about 20 to about
400 angstroms in length. In yet another embodiment, R% is
from about 50 to about 250 angstroms in length.

(b) Trivalent Molecular Sensors

In an additional alternative embodiment, the molecular
biosensor will be trivalent. In a typical embodiment, the triva-
lent sensor will comprise a first epitope binding agent that
binds to a first epitope on a target molecule, a first linker, a first
signaling oligo, a first detection means, a second epitope
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binding agent that binds to a second epitope on the target
molecule, a second linker, a second signaling oligo, a second
detection means, a third epitope binding agent that binds to a
third epitope on a target molecule, a third linker, a third
signaling oligo, and a third detection means.

In one preferred embodiment, the molecular biosensor
comprises three epitope-binding agent constructs, which
together have formula (II):

RIS.RMRIZRORIOCRILRIZ
RISRIZ-RIS-RI9; and

R20_R2LR22.R23 n

wherein:

R? is an epitope-binding agent that binds to a first epitope
on a target molecule;

R'? is a flexible linker attaching R” to R'*;

R'! and R*? are a first pair of complementary nucleotide
sequences having a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole at a tempera-
ture from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM;

R'? and R? together comprise a detection means such that
when R'! and R*? associate a detectable signal is pro-
duced;

R'? is a flexible linker attaching R® to R'#;

R'*and R*® are a second pair of complementary nucleotide
sequences having a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole at a tempera-
ture from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM;

R'* and R*® together comprise a detection means such that
when R'* and R'® associate a detectable signal is pro-
duced;

R'¢ is an epitope-binding agent that binds to a second
epitope on a target molecule;

R!7 is a flexible linker attaching RS to R*®;

R?°is an epitope binding agent that binds to a third epitope
on a target molecule; and

R?! is a flexible linker attaching R*° to R**,

The choice of epitope binding agents, R®, R'® and R*°, in
molecular biosensors having formula (II) can and will vary
depending upon the particular target molecule. Generally
speaking, suitable choices for R®, R'¢ and R* will include
three agents that each recognize distinct epitopes on the same
target molecule or on different target molecules. Non-limit-
ing examples of suitable epitope binding agents, depending
upon the target molecule(s), include agents selected from the
group consisting of an aptamer, an antibody, an antibody
fragment, a double-stranded DNA sequence, modified
nucleic acids, nucleic acid mimics, a ligand, a ligand frag-
ment, a receptor, a receptor fragment, a polypeptide, a pep-
tide, a coenzyme, a coregulator, an allosteric molecule, and an
ion. In one embodiment, R®, R*® and R*° are each aptamers
having a sequence ranging in length from about 20 to about
110 nucleotide bases. In another embodiment, R, R*¢, and
R? are peptides. In yet another embodiment, R®, R*®, and R*°
are antibodies or antibody fragments.

Inan additional embodiment for molecular biosensors hav-
ing formula (II), exemplary linkers, R'® and R?*, will func-
tionally keep R'* and R** in close proximity such that when
R® and R?* each bind to the target molecule(s), R'* and R**
associate in a manner such that a detectable signal is produced
by the detection means, R'? and R**. In addition, exemplary
linkers, R'* and R'”, will functionally keep R** and R*® in
close proximity such that when R® and R*® each bind to the
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target molecule(s), R** and R'® associate in a manner such
that a detectable signal is produced by the detection means,
R'® and R'. In one embodiment, the linkers utilized in
molecular biosensors having formula (II) may each be a
nucleotide sequence from about 10 to about 100 nucleotides
in length. In one embodiment, the linkers are from 10 to about
25 nucleotides in length. In another embodiment, the linkers
are from about 25 to about 50 nucleotides in length. In a
further embodiment, the linkers are from about 50 to about 75
nucleotides in length. In yet another embodiment, the linkers
are from about 75 to about 100 nucleotides in length. In each
embodiment, the nucleotides comprising the linkers may be
any of the nucleotide bases in DNA or RNA (A, C, T, G in the
case of DNA, or A, C, U, G in the case of RNA). In one
embodiment, the linkers are comprised of DNA bases. In
another embodiment, the linkers are comprised of RNA
bases. In yet another embodiment, the linkers are comprised
of modified nucleic acid bases, such as modified DNA bases
or modified RNA bases. Modifications may occur at, but are
not restricted to, the sugar 2' position, the C-5 position of
pyrimidines, and the 8-position of purines. Examples of suit-
able modified DNA or RNA bases include 2'-fluoro nucle-
otides, 2'-amino nucleotides, 5'-aminoallyl-2'-fluoro nucle-
otides and phosphorothioate nucleotides
(monothiophosphate and dithiophosphate). In a further
embodiment, R* and R® may be nucleotide mimics. Examples
of nucleotide mimics include locked nucleic acids (LNA),
peptide nucleic acids (PNA), and phosphorodiamidate mor-
pholino oligomers (PMO). Alternatively, the linkers may be a
polymer of bifunctional chemical linkers. In one embodiment
the bifunctional chemical linker is heterobifunctional. Suit-
able heterobifunctional chemical linkers include sulfoSMCC
(Sulfosuccinimidyl-4-(N-maleimidomethyl)cyclohexane-1-

carboxylate), and 1c-SPDP (N-Succinimidyl-6-(3'-(2-Py-
ridylDithio)-Propionamido)-hexanoate). In another embodi-
ment the bifunctional chemical linker is homobifunctional.
Suitable homobifunctional linkers include disuccinimidyl
suberate, disuccinimidyl glutarate, and disuccinimidyl tar-
trate. Additional suitable linkers are illustrated in the
Examples, such as the phosphoramidate form of Spacer 18
comprised of polyethylene glycol. In one embodiment, the
linkers are from 0 to about 500 angstroms in length. Inanother
embodiment, the linkers are from about 20 to about 400
angstroms in length. In yet another embodiment, the linkers
are from about 50 to about 250 angstroms in length.

In a further embodiment for molecular biosensors having
formula (II), R'* and R** are complementary nucleotide
sequences having a length such that they preferably do not
associate unless R® and R*° bind to separate epitopes on the
target molecule(s). In addition, R'* and R'® are complemen-
tary nucleotide sequences having a length such that they
preferably do not associate unless R® and R*6 bind to separate
epitopes on the target molecule(s). R'! and R** and R** and
R'® may be from about 2 to about 20 nucleotides in length. In
another embodiment, R'* and R*? and R'* and R'® are from
about 4 to about 15 nucleotides in length. In an exemplary
embodiment, R*! and R*? and R'* and R*® are from about 5 to
about 7 nucleotides in length. In one embodiment, R*" and
R*? and R'* and R*® have a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole as measured in the
selection buffer conditions, defined below. In another
embodiment, R'* and R** and R'* and R*® have a free energy
for association from about 6.0 kcal/mole to about 8.0 kcal/
mole as measured in the selection buffer conditions defined
below. In yet another embodiment, R'! and R** and R'* and
R'® have a free energy for association from about 7.0 kcal/
mole to 8.0 kcal/mole in the selection buffer conditions. In a
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preferred embodiment, R'! and R** and R'* and R*® have a
free energy for association of 7.5 kcal/mole in the selection
buffer conditions described below. Preferably, in each
embodiment R'" and R** and R'* and R'® are not comple-
mentary to any of R®, R*S or R*.

In a typical embodiment for molecular biosensors having
formula (IT), R*? and R** may together comprise several suit-
able detection means such that when R'! and R?? associate, a
detectable signal is produced. In addition, R'*> and R'® may
together comprise several suitable detection means such that
when R'* and R'® associate, a detectable signal is produced.
Exemplary detections means suitable for use in the molecular
biosensors include fluorescent resonance energy transfer
(FRET), lanthamide resonance energy transfer (LRET), fluo-
rescence  cross-correlation  spectroscopy, flourescence
quenching, fluorescence polarization, flow cytometry, scin-
tillation proximity, luminescence resonance energy transfer,
direct quenching, ground-state complex formation, chemilu-
minescence energy transfer, bioluminescence resonance
energy transfer, excimer formation, colorimetric substrates
detection, phosphorescence, electro-chemical changes, and
redox potential changes.

(II) Three-Component Molecular Biosensors

Another aspect of the invention comprises three-compo-
nent molecular biosensors. In certain embodiments, the three-
component molecular biosensor will comprise an endonu-
clease restriction site. In alternative embodiments, the three-
component molecular biosensor will not have an
endonuclease restriction site.

(a) Biosensors with No Endonuclease Restriction Site

In one embodiment, the three-component biosensor will
comprise: (1) afirst epitope binding agent construct that binds
to a first epitope on a target molecule, a first linker, a first
signaling oligo, and a first detection means; (2) a second
epitope binding agent construct that binds to a second epitope
on the target molecule, a second linker, a second signaling
oligo, and a second detection means; and (3) an oligonucle-
otide construct that comprises a first region that is comple-
mentary to the first oligo and a second region that is comple-
mentary to the second oligo. The first signaling oligo and
second signaling oligo, as such, are not complementary to
each other, but are complementary to two distinct regions on
the oligonucleotide construct. Co-association of the two
epitope-binding agent constructs with the target molecule
results in hybridization of each signaling oligos to the oligo-
nucleotide construct. Binding of the two signaling oligo to the
oligonucleotide construct brings them into proximity such
that a detectable signal is produced.

In an exemplary embodiment, the three-component
molecular biosensor comprises three epitope-binding agent
constructs, which together have formula (III):

R24.R25.R26.R27:
R25.R29.R30_R3L:

o) (I

wherein:

R**is an epitope-binding agent that binds to a first epitope
on a target molecule;

R’ is a flexible linker attaching R** to R?¢;

R?% and R*° are a pair of nucleotide sequences that are not
complementary to each other, but are complementary to
two distinct regions on O;

R?7 and R?! together comprise a detection means such that
when R?¢ and R* associate with O, a detectable signal is
produced;
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R?® is an epitope-binding agent that binds to a second

epitope on the target molecule;

R?? is a flexible linker attaching R*® to R*; and

O is a nucleotide sequence comprising a first region that is

complementary to R?®, and a second region that is
complementary to R>°.

The choice of epitope binding agents, R** and R?®, in
molecular biosensors having formula (III) can and will vary
depending upon the particular target molecule. By way of
example, when the target molecule is a protein, R** and R?®
may be an aptamer, or antibody. By way of further example,
when R** and R*® are double stranded nucleic acid the target
molecule is typically a macromolecule that binds to DNA or
a DNA binding protein. In general, suitable choices for R**
and R?® will include two agents that each recognize distinct
epitopes on the same target molecule. In certain embodi-
ments, however, it is also envisioned that R** and R?® may
recognize distinct epitopes on different target molecules. In
further embodiments, however, it is also envisioned that R>*
and R*® may recognize an identical repeating epitope on a
single target. Non-limiting examples of suitable epitope bind-
ing agents, depending upon the target, include agents selected
from the group consisting of an aptamer, an antibody, an
antibody fragment, a double-stranded DNA sequence, modi-
fied nucleic acids, nucleic acid mimics, a ligand, a ligand
fragment, a receptor, a receptor fragment, a polypeptide, a
peptide, a coenzyme, a coregulator, an allosteric molecule,
and an ion. In an exemplary embodiment, R** and R*®* are
each aptamers having a sequence ranging in length from
about 20 to about 110 bases. In another embodiment, R>* and
R?® are each antibodies selected from the group consisting of
polyclonal antibodies, ascites, Fab fragments, Fab' frag-
ments, monoclonal antibodies, and humanized antibodies. In
an alternative embodiment, R** and R*® are peptides. For
example, R** and R*® may be peptides recognized by the
variable region of an antibody. By way of nonlimiting
example, R** and R*® may be peptides recognized by the
variable region of a disease or disorder specific antibody. In a
preferred alternative of this embodiment, R** and R*® are
each monoclonal antibodies. In an additional embodiment,
R** and R*® are each double stranded DNA. In a further
embodiment, R?* is a double stranded nucleic acid and R?® is
an aptamer. In an additional embodiment, R** is an antibody
and R?® is an aptamer. In another additional embodiment, R**
is an antibody and R*® is a double stranded DNA. In yet
another embodiment, R** is an antibody and R*® is a peptide

In an additional embodiment for molecular biosensors hav-
ing formula (I1T), exemplary linkers, R*>* and R*® may each be
anucleotide sequence from about 10 to about 100 nucleotides
in length. In one embodiment, R*® and R*® are from 10 to
about 25 nucleotides in length. In another embodiment, R>
and R® are from about 25 to about 50 nucleotides in length. In
a further embodiment, R?® and R*® are from about 50 to about
75 nucleotides in length. In yet another embodiment, R** and
R?® are from about 75 to about 100 nucleotides in length. In
each embodiment, the nucleotides comprising the linkers
may be any of the nucleotide bases in DNA or RNA (A, C, T,
G in the case of DNA, or A, C, U, G in the case of RNA). In
one embodiment R** and R*® are comprised of DNA bases. In
another embodiment, R** and R** are comprised of RNA
bases. In yet another embodiment, R*> and R*® are comprised
of modified nucleic acid bases, such as modified DNA bases
or modified RNA bases. Modifications may occur at, but are
not restricted to, the sugar 2' position, the C-5 position of
pyrimidines, and the 8-position of purines. Examples of suit-
able modified DNA or RNA bases include 2'-fluoro nucle-
otides, 2'-amino nucleotides, 5'-aminoallyl-2'-fluoro nucle-
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otides and phosphorothioate nucleotides
(monothiophosphate and dithiophosphate). In a further
embodiment, R*® and R** may be nucleotide mimics.
Examples of nucleotide mimics include locked nucleic acids
(LNA), peptide nucleic acids (PNA), and phosphorodiami-
date morpholino oligomers (PMO).

Alternatively, R** and R* may be a polymer of bifunc-
tional chemical linkers. In one embodiment the bifunctional
chemical linker is heterobifunctional. Suitable heterobifunc-
tional chemical linkers include sulfoSMCC (Sulfosuccinim-
idyl-4-(N-maleimidomethyl)cyclohexane-1-carboxylate),
and lc-SPDP (N-Succinimidyl-6-(3'-(2-PyridylDithio)-Pro-
pionamido)-hexanoate). In another embodiment the bifunc-
tional chemical linker is homobifunctional. Suitable homo-
bifunctional linkers include disuccinimidyl suberate,
disuccinimidyl glutarate, and disuccinimidyl tartrate. Addi-
tional suitable linkers are illustrated in the Examples, such as
the phosphoramidate form of Spacer 18 comprised of poly-
ethylene glycol. In one embodiment, R**> and R are from 0
to about 500 angstroms in length. In another embodiment,
R* and R*® are from about 20 to about 400 angstroms in
length. In yet another embodiment, R** and R** are from
about 50 to about 250 angstroms in length.

In a further embodiment for molecular biosensors having
formula (I1T), RS and R*° are nucleotide sequences that are
not complementary to each other, but that are complementary
to two distinct regions of O. R*% and R*° may be from about 2
to about 20 nucleotides in length. In another embodiment, RS
and R>° are from about 4 to about 15 nucleotides in length. In
an exemplary embodiment, R*® and R>° are from about 5 to
about 7 nucleotides in length. Preferably, in each embodiment
R?% and R*° are not complementary to R** and R?®.

In a typical embodiment for molecular biosensors having
formula (IIT), R*7 and R*' may together comprise several
suitable detection means such that when R?® and R each
bind to complementary, distinct regions on O, a detectable
signal is produced. Exemplary detections means suitable for
use in the molecular biosensors include fluorescent resonance
energy transfer (FRET), lanthamide resonance energy trans-
fer (LRET), fluorescence cross-correlation spectroscopy,
flourescence quenching, fluorescence polarization, flow
cytometry, scintillation proximity, luminescence resonance
energy transfer, direct quenching, ground-state complex for-
mation, chemiluminescence energy transfer, biolumines-
cence resonance energy transfer, excimer formation, colori-
metric substrates detection, phosphorescence, electro-
chemical changes, and redox potential changes.

In an alternative embodiment for molecular biosensors
having formula (III), R*” and R3! are not present. In these
embodiments the binding of R*° and R*° to complementary,
distinct regions on O may be detected by changes in mass,
electrical, or optical properties of the biosensor upon target
binding. In these embodiments, the change in mass, electri-
cal, or optical properties that result when R** and R*® bind to
the target, and R*® and R*° bind to O, result in a detectable
signal. For instance, the detection means may include surface
plasmon resonance, optical ring resonance, and silicon
nanowire sensors.

For molecular biosensors having formula (III), O com-
prises a first region that is complementary to RS, and a
second region that is complementary to R*°. O may be from
about 8 to about 100 nucleotides in length. In other embodi-
ments, O is from about 10 to about 15 nucleotides in length,
or from about 15 to about 20 nucleotides in length, or from
about 20 to about 25 nucleotides in length, or from about 25
to about 30 nucleotides in length, or from about 30 to about 35
nucleotides in length, or from about 35 to about 40 nucle-
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otides in length, or from about 40 to about 45 nucleotides in
length, or from about 45 to about 50 nucleotides in length, or
from about 50to about 55 nucleotides in length, or from about
55 to about 60 nucleotides in length, or from about 60 to about
65 nucleotides in length, or from about 65 to about 70 nucle-
otides in length, or from about 70 to about 75 nucleotides in
length, or from about 75 to about 80 nucleotides in length, or
from about 80to about 85 nucleotides in length, or from about
85 to about 90 nucleotides in length, or from about 90 to about
95 nucleotides in length, or greater than about 95 nucleotides
in length.

In an exemplary embodiment, O will comprise formula
(Iv):

R32.R33.R34_R35.R36 av)

wherein:

R?2, R**, and R*S are nucleotide sequences not comple-
mentary to any of R?%, R*°, R*3, or R**>. R**, R**, and
R*® may independently be from about 2 to about 20
nucleotides in length. In other embodiments, R>*, R>*,
and R*% may independently be from about 2 to about 4
nucleotides in length, or from about 4 to about 6 nucle-
otides in length, or from about 6 to about 8 nucleotides in
length, or from about 8 to about 10 nucleotides in length,
or from about 10 to about 12 nucleotides in length, or
from about 12 to about 14 nucleotides in length, or from
about 14 to about 16 nucleotides in length, or from about
16 to about 18 nucleotides in length, or from about 18 to
about 20 nucleotides in length, or greater than about 20
nucleotides in length;

R?? is a nucleotide sequence complementary to R*®, and

R?? is a nucleotide sequence that is complementary to R*°.

R?*? and R* generally have a length such that the free

energy of association between R** and R*® and R** and
R3° is from about -5 to about -12 kcal/mole at a tem-
perature from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM. In
other embodiments, the free energy of association
between R* and R*° and R*® and R* is about -5 kcal/
mole, about -6 kcal/mole, about -7 kcal/mole, about -8
kcal/mole, about -9 kcal/mole, about —-10 kcal/mole,
about —11 kcal/mole, or greater than about —12 kcal/
mole at a temperature from about 21° C. to about 40° C.
and at a salt concentration from about 1 mM to about 100
mM. In additional embodiments, R** and R*>* may range
from about 4 to about 20 nucleotides in length. In other
embodiments, R** and R*>® may about 4, about 5, about
6,about 7, about 8, about 9, about 10, about 11, about 12,
about 13, about 14, about 15, about 16, about 17, about
18, about 19, or greater than about 10 nucleotides in
length.
(b) Biosensors with an Endonuclease Restriction Site
i. Formula (V)

In an alternative embodiment, the three-component bio-
sensor will comprise: (1) a first epitope binding agent con-
struct that binds to a first epitope on a target molecule, a first
linker, and a first signaling oligo; (2) a second epitope binding
agent construct that binds to a second epitope on the target
molecule, a second linker, a second signaling oligo and (3) an
oligonucleotide construct that comprises a first region that is
complementary to the first oligo, a second region that is
complementary to the second oligo, two flexible linkers, an
endonuclease restriction site overlapping the first and the
second regions complementary to the first and the second
oligos, and a pair of complementary nucleotides with detec-
tion means. The first signaling oligo and second signaling
oligo are not complementary to each other, but are comple-
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mentary to two distinct regions on the oligonucleotide con-
struct. Referring to FIG. 52, when the oligonucleotide con-
struct is intact, the complementary nucleotides are annealed
and produce a detectable signal. Co-association of the two
epitope-binding agent constructs with the target molecule
results in hybridization of each signaling oligo to the oligo-
nucleotide construct. The signaling oligos hybridize to two
distinct locations on the oligonucleotide construct such that a
double-stranded DNA molecule containing the restriction
site is produced, with a gap between the signaling oligos
located exactly at the site of endonuclease cleavage in one
strand of the double-stranded DNA substrate. When a restric-
tion endonuclease is present, accordingly, it will cleave the
oligonucleotide construct only when the target is present (i.e.,
when the signaling oligos are bound to the oligonucleotide
construct). Upon this cleavage, the detection means present
on the oligonucleotide are separated-resulting in no detect-
able signal. Upon dissociation of the cleaved oligonucleotide
construct, another oligonucleotide construct may hybridize
with the signaling oligos of the two epitope-binding agents
co-associated with the target and the cleavage reaction may be
repeated. This cycle of hybridization and cleavage may be
repeated many times resulting in cleavage of multiple oligo-
nucleotide constructs per one complex of the two epitope-
binding agents with the target.

In exemplary alternative of this embodiment, the three-
component molecular biosensor comprises three epitope-
binding agent constructs, which together have formula (V):

RIRIRS,
R¥-RAOR,

O ™

wherein:

R3%is an epitope-binding agent that binds to a first epitope
on a target molecule;

R?7 is a flexible linker attaching RS to R>®;

R?® and R*' are a pair of nucleotide sequences that are not
complementary to each other, but are complementary to
two distinct regions on O;

R* is an epitope-binding agent that binds to a second
epitope on the target molecule;

R* is a flexible linker attaching R*® to R*'; and

O comprises:

R46_R45 _R42_R43 -R44, Where

R*? is a nucleotide construct comprising an endonuclease
restriction site, a first region that is complementary to
R*®, and a second region that is complementary to R*.

R* is a first flexible linker;

R**is a first nucleotide sequence that is complementary to
R* attached to an optional detection means;

R* is a second flexible linker;

R*®is a second nucleotide sequence that is complementary
to R** attached to a second optional detection means;
and

R* attaches R** to R** and R* attaches R** to R*°.

Suitable linkers, epitope binding agents, and detection

means for three-component molecular biosensors having for-
mula (V) are the same as three component molecular biosen-
sors having formula (III). Suitable, endonuclease restriction
sites comprising R** include sites that are recognized by
restriction enzymes that cleave double stranded nucleic acid,
but not single stranded nucleic acid. By way of non-limiting
example, these sites include Accl, Agel, BamHI, Bgl, Bgll,
BsiWI, BstBI, Clal, CviQI, Ddel, Dpnl, Dral, Eagl, EcoRI,
EcoRYV, Fsel, Fspl, Haell, Haelll, Hhal, Hinc II, HinDIII,
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Hpal, Hpall, Kpnl, Kspl, Mbol, Mfel, Nael, Narl, Ncol,
Ndel, Nhel, Notl, Phol, Pstl, Pvul, Pvull, Sacl, Sacll, Sall,
Sbfl, Smal, Spel, Sphl, Stul, Taql, Tfil, Tll, Xbal, Xhol,
Xmal, Xmnl, and Zral. Optionally, R** may comprise nucle-
otide spacers that precede or follow one or more of the endo-
nuclease restriction site, the first region that is complemen-
tary to R*®, and/or the second region that is complementary to
R*!. Suitable nucleotide spacers, for example, are detailed in
formula (IV).

ii. Formula (V)

In an alternative embodiment of the three-component bio-
sensor, the biosensor does not comprise a solid support. For
instance, in some embodiments, the three-component
molecular biosensor comprises three constructs, which
together have formula (VI):

R36-RYR3,
R¥®-RAR,; and

at least one R>-R; (VD)

wherein:
R3%, R37, R*® R3°, R*, and R* are defined as in formula

R*® and R*! are a first pair of nucleotide sequences that are
complementary to two distinct regions on R>S;

R>% is a nucleotide construct comprising a first region that
is complementary to R*® and a second region that is
complementary to R*', such that when R*® and R*!
associate with R>®, an endonuclease restriction site is
reconstituted; and

R>? is optionally a signaling molecule.

R3¢, R*, R*®*, R*, R*, and R*' may be as defined above
for three component molecular biosensors having formula
(V). R*® is the same as R*? of formula (V).

In some embodiments for molecular biosensors having
Formula (VI), R>®> may comprise two signaling molecules,
each attached to one strand of a double-stranded nucleotide
sequence comprising R*°. Cleavage of the restriction enzyme
recognition site results in the release and separation ofthe two
signaling molecules, resulting in a detectable and quantifiable
change in signal intensity. Exemplary detections means suit-
able for use in the molecular biosensors include fluorescent
resonance energy transfer (FRET), lanthamide resonance
energy transfer (LRET), fluorescence cross-correlation spec-
troscopy, fluorescence quenching, fluorescence polarization,
flow cytometry, scintillation proximity, luminescence reso-
nance energy transfer, direct quenching, ground-state com-
plex formation, chemiluminescence energy transfer, biolumi-
nescence resonance energy transfer, excimer formation,
colorimetric substrates detection, phosphorescence, electro-
chemical changes, and redox potential changes.

In an alternative embodiment, R is not present. In these
embodiments, the binding of R*® and R*! to complementary,
distinct regions on O may be detected by changes in mass,
electrical, or optical properties of the biosensor upon target
binding. In these embodiments, the change in mass, electri-
cal, or optical properties that result when R*® and R** bind to
the target, and R*>® and R*' bind to O, result in a detectable
signal. For instance, the detection means may include surface
plasmon resonance, optical ring resonance, and silicon
nanowire sensors.

iii. Formula (VII)

In an alternative embodiment, a three-component molecu-
lar biosensor with a restriction endonuclease recognition site
will comprise an oligonucleotide construct attached to a solid
support. Generally speaking, co-association of the two
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epitope-binding agent constructs with a target molecule
results in hybridization of each single stranded nucleic acid
sequence to the oligonucleotide construct, producing a tripar-
tite double-stranded nucleic acid molecule that contains a
restriction endonuclease recognition site. In the presence of a
restriction endonuclease, the oligonucleotide construct may
be cleaved to release a signaling molecule from the solid
support.

For example, in some embodiments the three-component
molecular biosensor comprises at least three constructs,
which together have formula (VII):

R3S-RIR3S;
R¥®-RAORA, and

at least one R>-R%6-R>7; (VII)

wherein:

R3S; R37; R3%; R3®; R*; R*, R®, and R>° are defined as
above for formula (V); and

R>7 is a solid support.

R>® of formula (VII) is an optional signaling molecule.
Suitable signaling molecules are known in the art. Non-
limiting examples may include luminescent molecules,
chemiluminescent molecules, fluorochromes, fluores-
cent quenching agents, colored molecules, radioiso-
topes, scintillants, massive labels (for detection via mass
changes), biotin, avidin, streptavidin, protein A, protein
G, antibodies or fragments thereof, Grb2, polyhistidine,
Ni**, Flag tags, myc tags, heavy metals, enzymes, alka-
line phosphatase, peroxidase, luciferase, electron
donors/acceptors, acridinium esters, and colorimetric
substrates. The skilled artisan would readily recognize
other useful labels that are not mentioned above, which
may be employed in the operation of the present inven-
tion.

For molecular biosensors having formula (VII), R’ com-
prises a first region that is complementary to R*®, and a
second region that is complementary to R*'. R>® may be as
described above for O. When R3® and R* associate with RS,
a tripartite double-stranded DNA molecule is formed that
contains a restriction endonuclease recognition sequence. In
the presence of a restriction endonuclease, R>¢ is cleaved,
optionally releasing R* from the solid support R*”. In an
exemplary embodiment, R*®* and R*' do not form a stable
complex with R>® after R9 is cleaved, freeing R*® and R*! to
bind to another R>° and repeat the cleavage cycle. This ampli-
fies the biosensor signal.

In an exemplary embodiment, R> will comprise formula

(VIID):

R5S_R59_R6O_R6! (VIID)

wherein:
R>® and R%" are single-stranded nucleotide sequences not
complementary to any of R*®, R>?, R*®, R?*°, R*°, orR*;
R>? is a nucleotide sequence complementary to R>®; and
R is a nucleotide sequence that is complementary to R*'.
In some embodiments, R>® and R®* may independently be
from about 0 to about 20 nucleotides in length. In other
embodiments, R*® and R%' may independently be from about
2 to about 4 nucleotides in length, or from about 4 to about 6
nucleotides in length, or from about 6 to about 8 nucleotides
in length, or from about 8 to about 10 nucleotides in length, or
from about 10 to about 12 nucleotides inlength, or from about
12to about 14 nucleotides in length, or from about 14 to about
16 nucleotides in length, or from about 16 to about 18 nucle-
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otides in length, or from about 18 to about 20 nucleotides in
length, or greater than about 20 nucleotides in length.

Generally speaking, R>® and R% have a length such that the
free energy of association between R>® and R*® and R® and
R*! is from about -5 to about —12 kcal/mole at a temperature
from about 21° C. to about 40° C. and at a salt concentration
from about 1 mM to about 100 mM. In other embodiments,
the free energy of association between R* and R*® and R%°
and R*! is about —5 kcal/mole, about —6 kcal/mole, about -7
kcal/mole, about -8 kcal/mole, about -9 kcal/mole, about
-10 kcal/mole, about -11 kcal/mole, or greater than about
-12 kcal/mole at atemperature from about 21° C. to about 40°
C. and at a salt concentration from about 1 mM to about 100
mM. In additional embodiments, R*' and R** may range from
about 4 to about 20 nucleotides in length. In other embodi-
ments, R*' and R** may be about 4, about 5, about 6, about 7,
about 8, about 9, about 10, about 11, about 12, about 13, about
14, about 15, about 16, about 17, about 18, about 19, or
greater than about 10 nucleotides in length.

In one embodiment, when R>® comprises formula (VIII),
the cleavage site of the restriction endonuclease recognition
sequence produced by the association of R*® and R*! with R>®
is located between R> and R®. In this manner, in the pres-
ence of a suitable restriction endonuclease, R*® will be
cleaved between R*® and R%°, but R*® and R*' remain intact.
Suitable restriction endonuclease recognition sequences are
recognized by restriction enzymes that cleave double
stranded nucleic acid, but not single stranded nucleic acid.
Such enzymes and the corresponding recognition sites are
known in the art. By way of non-limiting example, these
enzymes may include Accl, Agel, BamHI, Bgll, Bglll,
BsiWI, BstBI, Clal, CviQI, Ddel, Dpnl, Dral, Eagl, EcoRI,
EcoRV, Fsel, Fspl, Haell, Haelll, Hhal, HincIl, HinDIII,
Hpal, Hpall, Kpnl, Kspl, Mbol, Mfel, Nael, Narl, Ncol,
Ndel, Nhel, Notl, Phol, Pstl, Pvul, Pvull, Sacl, Sacl, Sall,
Sbfl, Smal, Spel, Sphl, Stul, Taql, Tlil, Tfil, Xbal, Xhol,
Xmal, Xmnl, and Zral.

In another exemplary embodiment, R>® will comprise for-
mula (IX):

RE2.RS3.RE4.RE5_R66_R6T (IX)

wherein:

R%,R%, R%, and R% are single stranded oligonucleotide
sequences not complementary to each other or any of
R36, R37, R38, R39, R40, or R41;

R%? and R®” are double-stranded nucleic acid sequences;

R®* is a nucleotide sequence complementary to R>®; and

R is a nucleotide sequence that is complementary to R*'.

R and R®® may independently be from about 0 to about 20
nucleotides in length. In other embodiments, R® and
R% may independently be from about 2 to about 4 nucle-
otides in length, or from about 4 to about 6 nucleotides in
length, or from about 6 to about 8 nucleotides in length,
or from about 8 to about 10 nucleotides in length, or
from about 10 to about 12 nucleotides in length, or from
about 12 to about 14 nucleotides in length, or from about
14 to about 16 nucleotides in length, or from about 16 to
about 18 nucleotides in length, or from about 18 to about
20 nucleotides in length, or greater than about 20 nucle-
otides in length;

R®? and R®” may independently be from about 0 to about 20
base pairs in length. In other embodiments, R%* and R%”
may independently be from about 2 to about 4 base pairs
in length, or from about 4 to about 6 base pairs in length,
or from about 6 to about 8 base pairs in length, or from
about 8 to about 10 base pairs in length, or from about 10
to about 12 base pairs in length, or from about 12 to
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about 14 base pairs in length, or from about 14 to about
16 base pairs in length, or from about 16 to about 18 base
pairs in length, or from about 18 to about 20 base pairs in
length, or greater than about 20 base pairs in length;

R%* and R® generally have a length such that the free
energy of association between R** and R*® and R% and
R* is from about -5 to about —12 kcal/mole at a tem-
perature from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM. In
other embodiments, the free energy of association
between R%* and R*® and R® and R*! is about -5 kcal/
mole, about -6 kcal/mole, about -7 kcal/mole, about -8
kcal/mole, about -9 kcal/mole, about —10 kcal/mole,
about -11 kcal/mole, or greater than about —12 kcal/
mole at a temperature from about 21° C. to about 40° C.
and at a salt concentration from about 1 mM to about 100
mM. In additional embodiments, R%* and R%° may range
from about 4 to about 20 nucleotides in length. In other
embodiments, R*® and R*” may be about 4, about 5,
about 6, about 7, about 8, about 9, about 10, about 11,
about 12, about 13, about 14, about 15, about 16, about
17, about 18, about 19, or greater than about 20 nucle-
otides in length.

In yet another exemplary embodiment, R*® may comprise

formula (X):

RSS.RO.R7O.R7I.R2.R73.R74 X)

wherein:

R%,R7°, R7%, R” and R™ are single stranded oligonucle-
otide sequences independently not complementary to
each other or any of R*®, R>”, R*®, R** R*, or R*!;

R% and R”* are double-stranded nucleic acid sequences;

R® is a nucleotide sequence complementary to R*®; and

R”? is a nucleotide sequence that is complementary to R*'.

R7°, R, and R”* may independently be from about 0 to
about 20 nucleotides in length. In other embodiments,
R7°,R7?, and R”* may independently be from about 2 to
about 4 nucleotides in length, or from about 4 to about 6
nucleotides in length, or from about 6 to about 8 nucle-
otides in length, or from about 8 to about 10 nucleotides
in length, or from about 10 to about 12 nucleotides in
length, or from about 12 to about 14 nucleotides in
length, or from about 14 to about 16 nucleotides in
length, or from about 16 to about 18 nucleotides in
length, or from about 18 to about 20 nucleotides in
length, or greater than about 20 nucleotides in length.

R%® and R”* may independently be from about 0 to about 20
base pairs in length. In other embodiments, R%® and R”*
may independently be from about 2 to about 4 base pairs
in length, or from about 4 to about 6 base pairs in length,
or from about 6 to about 8 base pairs in length, or from
about 8 to about 10 base pairs in length, or from about 10
to about 12 base pairs in length, or from about 12 to
about 14 base pairs in length, or from about 14 to about
16 base pairs in length, or from about 16 to about 18 base
pairs in length, or from about 18 to about 20 base pairs in
length, or greater than about 20 base pairs in length.

R% and R generally have a length such that the free
energy of association between R* and R*® and R” and
R* is from about -5 to about —12 kcal/mole at a tem-
perature from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM. In
other embodiments, the free energy of association
between R% and R*® and R”® and R*' is about -5 kcal/
mole, about -6 kcal/mole, about -7 kcal/mole, about -8
kcal/mole, about -9 kcal/mole, about —10 kcal/mole,
about -11 kcal/mole, or greater than about —12 kcal/
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mole at a temperature from about 21° C. to about 40° C.
and at a salt concentration from about 1 mM to about 100
mM. In additional embodiments, R® and R7> may range
from about 4 to about 20 nucleotides in length. In other
embodiments, R® and R” may be about 4, about 5,
about 6, about 7, about 8, about 9, about 10, about 11,
about 12, about 13, about 14, about 15, about 16, about
17, about 18, about 19, or greater than about 10 nucle-
otides in length.

When R>® comprises formula (IX) or formula (X), a cleav-
age site of a restriction endonuclease recognition sequence
produced by the association of R*® and R*' with R*® may be
located within either R®? for formula (IX) or R®® for formula
(X), R% for formula (IV), R”* for formula (V), or a combi-
nation thereof. Suitable restriction endonuclease recognition
sequences for these embodiments are recognized by restric-
tion enzymes that cleave double stranded nucleic acid outside
the recognition sequence of the restriction enzyme. Such
enzymes and the corresponding recognition and cleavage
sites are known in the art. By way of non-limiting example,
these sites may include Acul, Alwl, Bael, BbsI, Bbvl, Becl,
BeeAl, Begl, BeiVI, BfuAl, Bmrl, Bpml, BpuEIl, Bsal,
BsaXI, BseRI, Bsgl, BsmAl, BsmBI, BsmFI, BspCNI,
BspMI, BspQI, BtgZl, CspCl, Earl, Ecil, EcoP15I, FokI,
Hgal, Hphl, HpyAV, Mboll, Mlyl, Mmel, MmeAIIl, Plel,
Sapl, SfaNIL.

In some embodiments for molecular biosensors having
Formula (IX) or Formula (X), R>* may comprise two signal-
ing molecules, each attached to one strand of a double-
stranded nucleotide sequence comprising R>®. Cleavage of
the restriction enzyme recognition site results in the release
and separation of the two signaling molecules, resulting in a
detectable and quantifiable change in signal intensity. Exem-
plary detections means suitable for use in the molecular bio-
sensors include fluorescent resonance energy transfer
(FRET), lanthamide resonance energy transfer (LRET), fluo-
rescence  cross-correlation spectroscopy, fluorescence
quenching, fluorescence polarization, flow cytometry, scin-
tillation proximity, luminescence resonance energy transfer,
direct quenching, ground-state complex formation, chemilu-
minescence energy transfer, bioluminescence resonance
energy transfer, excimer formation, colorimetric substrates
detection, phosphorescence, electrochemical changes, and
redox potential changes.

In an alternative embodiment, R> is not present. In these
embodiments, the binding of R*® and R*! to complementary,
distinct regions on O may be detected by changes in mass,
electrical, or optical properties of the biosensor upon target
binding. In these embodiments, the change in mass, electri-
cal, or optical properties that result when R*® and R** bind to
the target, and R*® and R* bind to O, result in a detectable
signal. For instance, the detection means may include surface
plasmon resonance, optical ring resonance, and silicon
nanowire sensors.

In some embodiments, R>” is a solid support having R>S
attached thereto. Non-limiting examples of suitable solid sup-
ports may include microtitre plates, test tubes, beads, resins
and other polymers, as well as other surfaces either known in
the art or described herein. The solid support may be a mate-
rial that may be modified to contain discrete individual sites
appropriate for the attachment or association of the construct
and is amenable to at least one detection method. Non-limit-
ing examples of solid support materials include glass, modi-
fied or functionalized glass, plastics (including acrylics, poly-
styrene and copolymers of styrene and other materials,
polypropylene, polyethylene, polybutylene, polyurethanes,
Teflon], etc.), nylon or nitrocellulose, polysaccharides,
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nylon, resins, silica or silica-based materials including silicon
and modified silicon, carbon, metals, inorganic glasses and
plastics. The size and shape of the solid support may also vary
without departing from the scope of the invention. A solid
support may be planar, a solid support may be a well, i.e. a364
well plate, or alternatively, a solid support may be a bead or a
slide.

R’% may be attached to R>” in a wide variety of ways, as will
be appreciated by those in the art. R*%, for example, may
either be synthesized first, with subsequent attachment to the
solid support, or may be directly synthesized on the solid
support. R>” and R>® may be derivatized with chemical func-
tional groups for subsequent attachment of the two. For
example, the solid support may be derivatized with a chemi-
cal functional group including, but not limited to, amino
groups, carboxyl groups, oxo groups or thiol groups. Using
these functional groups, the R*® may be attached using func-
tional groups either directly or indirectly using linkers. Alter-
natively, R>® may also be attached to the surface non-co-
valently. For example, a biotinylated R*® can be prepared,
which may bind to surfaces covalently coated with streptavi-
din, resulting in attachment. Alternatively, R°® may be syn-
thesized on the surface using techniques such as photopoly-
merization and photolithography. Additional methods of
attaching R>° to a surface and methods of synthesizing
nucleic acids on surfaces are well known in the art, i.e.
VLSIPS technology from Affymetrix (e.g., see U.S. Pat. No.
6,566,495, and Rockett and Dix, “DNA arrays: technology,
options and toxicological applications,” Xenobiotica 30(2):
155-177, all of which are hereby incorporated by reference in
their entirety).

(c) Further Sensor Variants

In each of the foregoing embodiments for molecular bio-
sensors, the first epitope-binding agent construct, and the
second epitope-binding agent construct may optionally be
attached to each other by a linker R to create tight binding
bivalent ligands. Typically, the attachment is by covalent
bond formation. Alternatively, the attachment may be by non
covalent bond formation. Generally speaking, R“4 may be a
nucleotide sequence as described above.

In other various embodiments O may be comprised of A
and B1-B2-B3, such that A is similar to R>® and A hybridizes
to B1 (B1 may be defined as, for instance, similar to R*'). B1
may be connected to B3 (may be defined as, for instance,
similar to R>7) via B2 (may be defined as, for instance similar
to R>?). Similarly, in an exemplary embodiment, an epitope
binding agent construct may comprise E1-E2-E3 and F1-F2-
F3, such that E1 corresponds to R*®; E2, E3, F1, and F2
together comprise R?”; and F3 corresponds to R*S. Specifi-
cally, E3 is a single-stranded nucleic acid that hybridizes to
F1. Conversely, F1 is a single-stranded nucleic acid that
hybridizes to E3. E3 may be joined with E1 (may be defined
as, for instance, similar to R*®) via E2 (may be defined as, for
instance, similar to R?”), or E3 may be joined directly to E1
(e.g. E2 is not present). Similarly, F1 may be joined with F3
(defined as the same as R*°) via F2 (defined the same as R>7),
or F1 may be joined directly to F3 (e.g. F2 is not present). In
this regard, for a biosensor comprising two epitope binding
agent constructs and O, a stable complex capable of produc-
ing a signal would require five binding events: the first F3 to
the target molecule, the second F3 to the target molecule, the
first E1to A, the second E1 to A, and the first E3 to the first F1,
and the second E3 to the second F1.

(IIT) Methods for Selecting Epitope Binding Agents

A further aspect of the invention provides methods for
selecting epitope-binding agents, and in particular aptamers
for use in making any of the molecular biosensors of the
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present invention. Generally speaking, epitope binding
agents comprising aptamers, antibodies, peptides, modified
nucleic acids, nucleic acid mimics, or double stranded DNA
may be purchased if commercially available or may be made
in accordance with methods generally known in the art.

For example, in vitro methods of selecting peptide epitope
binding agents include phage display (Ozawa et al., J. Vet.
Med. Sci. 67(12):1237-41, 2005), yeast display (Boder et al.,
Nat. Biotech. 15:553-57, 1997), ribosome display (Hanes et
al., PNAS 94:4937-42, 1997, Lipovsek et al., J. Imm. Meth-
ods, 290:51-67, 2004), bacterial display (Francisco et al.,
PNAS 90:10444-48, 1993; Georgiou et al., Nat. Biotech.
15:29-34, 1997), mRNA display (Roberts et al., PNAS
94:12297-302, 1997; Keefe et al., Nature 410:715-18, 2001),
and protein scaffold libraries (Hosse et al., Protein Science
15:14-27, 2006). In one embodiment, the peptide epitope
binding agents are selected by phage display. In another
embodiment, the peptide epitope binding agents are selected
by yeast display. In yet another embodiment, the peptide
epitope binding agents are selected via ribosome display. In
still yet another embodiment, the peptide epitope binding
agents are selected via bacterial display. In an alternative
embodiment, the peptide epitope binding agents are selected
by mRNA display. In another alternative embodiment, the
peptide epitope binding agents are selected using protein
scaffold libraries.

The invention, however, provides methods for simulta-
neously selecting two or more aptamers that each recognize
distinct epitopes on a target molecule or on separate target
molecules. Alternatively, the invention also provides novel
methods directed to selecting at least one aptamer in the
presence of an epitope binding agent construct. The aptamer
and epitope binding agent construct also each recognize dis-
tinct epitopes on a target molecule.

(IV) Methods Utilizing the Molecular Biosensors

A further aspect of the invention encompasses the use of
the molecular biosensors of the invention in several applica-
tions. In certain embodiments, the molecular biosensors are
utilized in methods for detecting one or more target mol-
ecules. In other embodiments, the molecular biosensors may
be utilized in kits and for therapeutic and diagnostic applica-
tions.

(a) Detection Methods

In one embodiment, the molecular biosensors may be uti-
lized for detection of a target molecule. The method generally
involves contacting a molecular biosensor of the invention
with the target molecule. To detect a target molecule utilizing
two-component biosensors, the method typically involves
target-molecule induced co-association of two epitope-bind-
ing agents (present in the molecular biosensor of the inven-
tion) that each recognize distinct epitopes on the target mol-
ecule. The epitope-binding agents each comprise
complementary signaling oligonucleotides that are labeled
with detection means and are attached to the epitope-binding
agents through a flexible linker. Co-association of the two
epitope-binding agents with the target molecule results in
bringing the two signaling oligonucleotides into proximity
such that a detectable signal is produced. Typically, the
detectable signal is produced by any of the detection means
known in the art or as described herein. Alternatively, for
three-component biosensors, co-association of the two
epitope-binding agent constructs with the target molecule
results in hybridization of each signaling oligos to the oligo-
nucleotide construct. Binding of the two signaling oligo to the
oligonucleotide construct brings them into proximity such
that a detectable signal is produced.
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In one particular embodiment, a method for the detection
of a target molecule that is a protein or polypeptide is pro-
vided. The method generally involves detecting a polypeptide
in a sample comprising the steps of contacting a sample with
a molecular biosensor of the invention. By way of non-limit-
ing example, several useful molecular biosensors are illus-
trated in FIGS. 24, 33 and 38. Panel 24 A depicts a molecular
biosensor comprising two aptamers recognizing two distinct
epitopes of a protein. Panel 24B depicts a molecular biosen-
sor comprising a double stranded polynucleotide containing
binding site for DNA binding protein and an aptamer recog-
nizing a distinct epitope of the protein. Panel 24C depicts a
molecular biosensor comprising an antibody and an aptamer
recognizing distinct epitopes of the protein. Panel 24D
depicts a molecular biosensor comprising a double stranded
polynucleotide containing a binding site for a DNA binding
protein and an antibody recognizing a distinct epitope of the
protein. Panel 24E depicts a molecular biosensor comprising
two antibodies recognizing two distinct epitopes of the pro-
tein. Panel 24F depicts a molecular biosensor comprising two
double stranded polynucleotide fragments recognizing two
distinct sites of the protein. Panel 24G depicts a molecular
biosensor comprising two single stranded polynucleotide ele-
ments recognizing two distinct sequence elements of another
single stranded polynucleotide. Panel 24H depicts a molecu-
lar biosensor that allows for the direct detection of formation
of'a protein-polynucleotide complex using a double stranded
polynucleotide fragment (containing the binding site of the
protein) labeled with a first signaling oligonucleotide and the
protein labeled with a second signaling oligonucleotide.
Panel 241 depicts a molecular biosensor that allows for the
direct detection of the formation of a protein-protein complex
using two corresponding proteins labeled with signaling oli-
gonucleotides. FIG. 33 depicts a tri-valent biosensor that
allows for detection of a target molecule or complex with
three different epitope binding agents. FIG. 38 depicts a com-
petitive biosensor that allows detection of a target competitor
in a solution.

In another embodiment, the molecular biosensors may be
used to detect a target molecule that is a macromolecular
complex in a sample. In this embodiment, the first epitope is
preferably on one polypeptide and the second epitope is on
another polypeptide, such that when a macromolecular com-
plex is formed, the one and another polypeptides are bought
into proximity, resulting in the stable interaction of the first
epitope-binding agent construct and the second epitope-bind-
ing agent construct to produce a detectable signal, as
described above. Also, the first and second epitope-binding
agent constructs may be fixed to a surface or to each other via
a flexible linker, as described above.

In another embodiment, the molecular biosensors may be
used to detect a target molecule that is an analyte in a sample.
In this embodiment, when the analyte is bound to a polypep-
tide or macromolecular complex, a first or second epitope is
created or made available to bind to a first or second epitope-
binding agent construct. Thus, when an analyte is present in a
sample that contains its cognate polypeptide or macromo-
lecular binding partner, the first epitope-binding agent con-
struct and the second epitope-binding agent construct are
brought into stable proximity to produce a detectable signal,
as described above. Also, the first and second epitope-binding
agent constructs may be fixed to a surface or to each other via
a flexible linker, as described above.

(b) Solid Surfaces

Optionally, the invention also encompasses a solid surface
having the molecular constructs of the invention attached
thereto. For example, in an embodiment for two-component
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biosensors, the first epitope binding agent construct may be
fixed to a surface, the second epitope binding agent construct
may be fixed to a surface, or both may be fixed to a surface.
Non-limiting examples of suitable surfaces include microtitre
plates, test tubes, beads, resins and other polymers, as well as
other surfaces either known in the art or described herein. In
a preferred embodiment, the first epitope-binding agent con-
struct and the second epitope-binding agent construct may be
joined with each other by a flexible linker to form a bivalent
epitope-binding agent. Preferred flexible linkers include
Spacer 18 polymers and deoxythymidine (“dT”) polymers.

Referring to FIGS. 54 and 56, in an exemplary embodiment
the solid surface utilizes a three-component biosensor. In this
embodiment, the oligonucleotide construct (e.g., O as
described in (II), and S3 as described in the examples and
figures) may be immobilized on a solid surface. The first
epitope binding agent and second epitope binding agent (e.g.,
S1 and S2 in the figure) are contacted with the surface com-
prising immobilized O and a sample that may comprise a
target (e.g., T in figure). In the presence of target, the first
epitope binding agent, second epitope binding agent, and
target bind to immobilized O to form a complex. Several
methods may be utilized to detect the presence of the complex
comprising target. The method may include detecting a probe
attached to the epitope-binding agents after washing out the
unbound components. Alternatively, several surface specific
real-time detection methods may be employed, including but
not limited to surface plasmon resonance (SPR) or total inter-
nal reflection fluorescence (TIRF).

The oligonucleotide construct, O, may be immobilized to
several types of suitable surfaces. The surface may be a mate-
rial that may be modified to contain discrete individual sites
appropriate for the attachment or association of the three-
component biosensor and is amenable to at least one detec-
tion method. Non-limiting examples of surface materials
include glass, modified or functionalized glass, plastics (in-
cluding acrylics, polystyrene and copolymers of styrene and
other materials, polypropylene, polyethylene, polybutylene,
polyurethanes, TeflonJ, etc.), nylon or nitrocellulose,
polysaccharides, nylon, resins, silica or silica-based materials
including silicon and modified silicon, carbon, metals, inor-
ganic glasses and plastics. The size and shape of the surface
may also vary without departing from the scope of the inven-
tion. A surface may be planar, a surface may be a well, i.e. a
364 well plate, or alternatively, a surface may be a bead or a
slide.

The oligonucleotide construct, O, may be attached to the
surface in a wide variety of ways, as will be appreciated by
those in the art. O, for example, may either be synthesized
first, with subsequent attachment to the surface, or may be
directly synthesized on the surface. The surface and O may be
derivatized with chemical functional groups for subsequent
attachment of the two. For example, the surface may be
derivatized with a chemical functional group including, but
not limited to, amino groups, carboxyl groups, oxo groups or
thiol groups. Using these functional groups, the O may be
attached using functional groups either directly or indirectly
using linkers. Alternatively, O may also be attached to the
surface non-covalently. For example, a biotinylated O can be
prepared, which may bind to surfaces covalently coated with
streptavidin, resulting in attachment. Alternatively, O may be
synthesized on the surface using techniques such as photopo-
lymerization and photolithography. Additional methods of
attaching O to a surface and methods of synthesizing O on
surfaces are well known in the art, i.e. VLSIPS technology
from Affymetrix (e.g., see U.S. Pat. No. 6,566,495, and Rock-
ett and Dix, “DNA arrays: technology, options and toxico-
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logical applications,” Xenobiotica 30(2):155-177, all of
which are hereby incorporated by reference in their entirety).
(c) Competition Assays

In a further embodiment, a competitive molecular biosen-
sor can be used to detect a competitor in a sample. Typically,
the molecular biosensor used for competition assays will be a
two-component molecular biosensor, as detailed in section (1)
above. In an exemplary embodiment, the competitive
molecular biosensor will comprise two epitope binding agent
constructs, which together have formula (VI)

RY-RBRY-RP; and

RSLRFZRFR, VD

wherein:

R*” is an epitope-binding agent that binds to a first epitope
on a target molecule;

R*® is a flexible linker attaching R*’ to R*;

R* and R>? are a pair of complementary nucleotide
sequences having a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole at a tempera-
ture from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM;

R>° and R** together comprise a detection means such that
when R*® and

R>? associate a detectable signal is produced;

R’! is an epitope binding agent that binds to R*’; and

R>2is a flexible linker attaching R>' to R>*.

In another alternative, the competitive molecular biosensor
will comprise formula (VI) wherein:

R*” is a peptide, a small molecule, or protein epitope-
binding agent that binds to a first epitope on a target
molecule;

R*® is a flexible linker attaching R*’ to R*;

R* and R>? are a pair of complementary nucleotide
sequences having a free energy for association from
about 5.5 kcal/mole to about 8.0 kcal/mole at a tempera-
ture from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM;

R>° and R** together comprise a detection means such that
when R* and R>? associate a detectable signal is pro-
duced;

R’! is an antibody or antibody fragment epitope binding
agent that binds to R*’; and

R>2is a flexible linker attaching R>* to R>*.

For each embodiment for competitive molecular biosen-
sors having formula (VI), suitable flexible linkers, comple-
mentary nucleotide sequences, detection means, and epitope
binding agent constructs are described in section (1) for two-
component molecular biosensors having formula (I).

To detect the presence of a target, referring to FIGS. 38 and
39, the molecular biosensor is comprised of two epitope bind-
ing agents—the first epitope binding agent is a peptide that is
a solvent exposed epitope of a target protein, and the second
epitope binding agent is an antibody which binds to the first
epitope binding agent. When the biosensor is in solution
without the target, a signal is created because the first epitope
binding agent and the second epitope binding agent bind,
thereby bringing the first signaling oligo and the second sig-
naling oligo into close proximity, producing a detectable sig-
nal from the first and second label. When the target competi-
tive protein (comprising the solvent exposed epitope used for
the first epitope binding agent) is added to the biosensor, the
target protein competes with the first epitope binding agent
for binding to the second epitope binding agent. This compe-
tition displaces the first epitope-binding agent from the sec-
ond epitope binding agent, which destabilizes the first signal-
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ing oligo from the second signaling oligo, resulting in a
decrease in signal. The decrease in signal can be used as a
measurement of the concentration of the competitive target,
as illustrated in example 5.

(d) Use of Biosensors with No Detection Means

Alternatively, in certain embodiments it is contemplated
that the molecular biosensor may not include a detections
means. By way of example, when the molecular biosensor is
a bivalent epitope-binding agent construct, the bivalent
epitope-binding agent construct may not have labels for
detection. It is envisioned that these alternative bivalent
epitope-binding agent constructs may be used much like anti-
bodies to detect molecules, bind molecules, purify molecules
(as in a column or pull-down type of procedure), block
molecular interactions, facilitate or stabilize molecular inter-
actions, or confer passive immunity to an organism. It is
further envisioned that the bivalent epitope-binding agent
construct can be used for therapeutic purposes. This invention
enables the skilled artisan to build several combinations of
epitope-binding agent that recognize any two or more dispar-
ate epitopes form any number of molecules into a bivalent,
trivalent, or other multivalent epitope-binding agent construct
to pull together those disparate molecules to test the effect or
to produce a desired therapeutic outcome. For example, a
bivalent epitope-binding agent construct may be constructed
to facilitate the binding of a ligand to its receptor in a situation
wherein the natural binding kinetics of that ligand to the
receptor is not favorable (e.g., insulin to insulin receptor in
patients suffering diabetes.)

Furthermore, as detailed above, a three component biosen-
sor may also not comprise a detection means. In these sensors,
a change of mass, electrical, or optical properties upon target
binding may provide a detectable signal.

(e) Kits

In another embodiment, the invention is directed to a kit
comprising a first epitope binding agent, to which is attached
a first label, and a second epitope binding agent, to which is
attached a second label, wherein (a) when the first epitope
binding agent and the second epitope binding agent bind to a
first epitope of a polypeptide and a second epitope of the
polypeptide, respectively, (b) the first label and the second
label interact to produce a detectable signal. In a preferred
embodiment the epitope-binding agent is an aptamer con-
struct, which comprises an aptamer, a label and a signaling
oligo. However, the epitope-binding agent may be an anti-
body, antibody fragment, or peptide.

In yet another embodiment, the invention encompasses a
kit comprising any of the preceding biosensors.

A kit of the invention is useful in the detection of polypep-
tides, analytes or macromolecular complexes, and as such,
may be used in research or medical/veterinary diagnostics
applications.

() Diagnostics

In yet another embodiment, the invention is directed to a
method of diagnosing a disease comprising the steps of (a)
obtaining a sample from a patient, (b) contacting the sample
with a first epitope binding agent construct and a second
epitope binding agent construct, and (c¢) detecting the pres-
ence of a polypeptide, antibody, analyte or macromolecular
complex in the sample using a detection method, wherein the
presence of the polypeptide, antibody, analyte or macromo-
lecular complex in the sample indicates whether a disease is
present in the patient. In a one embodiment, (a) the first
epitope binding agent construct is a first aptamer to which a
first label and a first signaling oligo are attached, (b) the
second epitope binding agent construct is a second aptamer to
which a second label and a second signaling oligo, which is
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complementary to the first signaling oligo, are attached, and
(c) the detection method is a fluorescence detection method,
wherein, (d) when the first aptamer binds to the polypeptide
and the second aptamer binds to the polypeptide, (e) the first
signaling oligo and the second signaling oligo associate with
each other, and (f) the first label is brought into proximity to
the second label such that a change in fluorescence occurs. In
another embodiment, (a) the first epitope binding agent con-
struct is a first peptide to which a first label and a first signal-
ing oligo are attached, (b) the second epitope binding agent
construct is a second peptide to which a second label and a
second signaling oligo, which is complementary to the first
signaling oligo, are attached, and (c) the detection method is
a fluorescence detection method, wherein, (d) when the first
peptide binds to the polypeptide and the second peptide binds
to the polypeptide, (e) the first signaling oligo and the second
signaling oligo associate with each other, and (f) the first label
is brought into proximity to the second label such that a
change in fluorescence occurs. In yet another embodiment,
(a) the first epitope binding agent construct is a first antibody
to which a first label and a first signaling oligo are attached,
(b) the second epitope binding agent construct is a second
antibody to which a second label and a second signaling
oligo, which is complementary to the first signaling oligo, are
attached, and (c) the detection method is a fluorescence detec-
tion method, wherein, (d) when the first antibody binds to the
polypeptide and the second antibody binds to the polypeptide,
(e) the first signaling oligo and the second signaling oligo
associate with each other, and (f) the first label is brought into
proximity to the second label such that a change in fluores-
cence occurs. In other embodiments, the first epitope binding
agent and the second epitope-binding agents are different
types of epitope binding agents (i.e. an antibody and a pep-
tide, an aptamer and an antibody, etc.). Preferred samples
include blood, urine, ascites, cells and tissue samples/biop-
sies. Preferred patients include humans, farm animals and
companion animals.

In each of the above embodiments, the labels are optional.
When a label is not present, the presence of a target molecule
may be detected by a change in mass, electrical, or optical
properties of the sensor upon target binding.

In yet another embodiment, the invention is directed to a
method of screening a sample for useful reagents comprising
the steps of (a) contacting a sample with a first epitope bind-
ing agent construct and a second epitope binding agent con-
struct, and (b) detecting the presence of a useful reagent in the
sample using a detection method. Preferred reagents include
a polypeptide, which comprises a first epitope and a second
epitope, an analyte that binds to a polypeptide (in which case
the method further comprises the step of adding the polypep-
tide to the screening mixture), an antibody, and a potential
therapeutic composition. In one embodiment, (a) the first
epitope binding agent is a first aptamer to which a first label
and a first signaling oligo are attached, (b) the second epitope
binding agent is a second aptamer to which a second label and
a second signaling oligo, which is complementary to the first
signaling oligo, are attached, and (c) the detection method is
a fluorescence detection method, wherein, (d) when the first
aptamer binds to the polypeptide and the second aptamer
binds to the polypeptide, (e) the first signaling oligo and the
second signaling oligo associate with each other, and (f) the
first label is brought into proximity to the second label such
that a change in fluorescence occurs. In another embodiment,
(a) the first epitope binding agent is a first peptide to which a
first label and a first signaling oligo are attached, (b) the
second epitope binding agent is a second peptide to which a
second label and a second signaling oligo, which is comple-
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mentary to the first signaling oligo, are attached, and (c) the
detection method is a fluorescence detection method,
wherein, (d) when the first peptide binds to the polypeptide
and the second peptide binds to the polypeptide, (e) the first
signaling oligo and the second signaling oligo associate with
each other, and (f) the first label is brought into proximity to
the second label such that a change in fluorescence occurs. In
yet another embodiment, (a) the first epitope binding agent is
afirst antibody to which a first label and a first signaling oligo
are attached, (b) the second epitope binding agent is a second
antibody to which a second label and a second signaling
oligo, which is complementary to the first signaling oligo, are
attached, and (c) the detection method is a fluorescence detec-
tion method, wherein, (d) when the first antibody binds to the
polypeptide and the second antibody binds to the polypeptide,
(e) the first signaling oligo and the second signaling oligo
associate with each other, and (f) the first label is brought into
proximity to the second label such that a change in fluores-
cence occurs. In other embodiments, the first epitope binding
agent and the second epitope-binding agents are different
types of epitope binding agents (i.e. an antibody and a pep-
tide, an aptamer and an antibody, etc.).

DEFINITIONS

As used herein, the term “analyte” refers generally to a
ligand, chemical moiety, compound, ion, salt, metal, enzyme,
secondary messenger of a cellular signal transduction path-
way, drug, nanoparticle, environmental contaminant, toxin,
fatty acid, steroid, hormone, carbohydrate, amino acid, pep-
tide, polypeptide, protein or other amino acid polymer,
microbe, virus or any other agent which is capable of binding
to a polypeptide, protein or macromolecular complex in such
a way as to create an epitope or alter the availability of an
epitope for binding to an aptamer.

The term “antibody” generally means a polypeptide or
protein that recognizes and can bind to an epitope of an
antigen. An antibody, as used herein, may be a complete
antibody as understood in the art, i.e., consisting of two heavy
chains and two light chains, or be selected from a group
comprising polyclonal antibodies, ascites, Fab fragments,
Fab' fragments, monoclonal antibodies, chimeric antibodies,
humanized antibodies, and a peptide comprising a hypervari-
able region of an antibody.

The term “aptamer” refers to a polynucleotide, generally a
RNA ora DNA that has auseful biological activity in terms of
biochemical activity, molecular recognition or binding
attributes. Usually, an aptamer has a molecular activity such
as binding to a target molecule at a specific epitope (region).
Itis generally accepted that an aptamer, which is specific in its
binding to any polypeptide, may be synthesized and/or iden-
tified by in vitro evolution methods.

As used herein, “detection method” means any of several
methods known in the art to detect a molecular interaction
event. The phrase “detectable signal”, as used herein, is
essentially equivalent to “detection method.” Detection meth-
ods include detecting changes in mass (e.g., plasmin reso-
nance), changes in fluorescence (e.g., fluorescent resonance
energy transfer (FRET), lanthamide resonance energy trans-
fer (LRET), FCCS, fluorescence quenching or increasing
fluorescence, fluorescence polarization, flow cytometry),
enzymatic activity (e.g., depletion of substrate or formation
of'a product, such as a detectable dye—NBT-BCIP system of
alkaline phosphatase is an example), changes in chemilumi-
nescence or scintillation (e.g., scintillation proximity assay,
luminescence resonance energy transfer, bioluminescence
resonance energy transfer and the like), and ground-state
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complex formation, excimer formation, colorimetric sub-
stance detection, phosphorescence, electro-chemical

changes, and redox potential changes. Detection methods
may further include changes in electrical or optical proper-
ties.

Theterm “epitope” refers generally to a particular region of
a target molecule. Examples include an antigen, a hapten, a
molecule, a polymer, a prion, a microbe, a cell, a peptide,
polypeptide, protein, or macromolecular complex. An
epitope may consist of a small peptide derived from a larger
polypeptide. An epitope may be a two or three-dimensional
surface or surface feature of a polypeptide, protein or macro-
molecular complex that comprises several non-contiguous
peptide stretches or amino acid groups. An epitope may be an
antibody.

The term “epitope binding agent™ refers to a substance that
is capable of binding to a specific epitope of an antigen, a
polypeptide, a protein or a macromolecular complex. Non-
limiting examples of epitope binding agents include aptam-
ers, thioaptamers, double-stranded DNA sequence, peptides
and polypeptides, ligands and fragments of ligands, receptors
and fragments of receptors, antibodies and fragments of anti-
bodies, polynucleotides, coenzymes, coregulators, allosteric
molecules, peptide nucleic acids, locked nucleic acids, phos-
phorodiamidate morpholino oligomers (PMO) and ions. Pep-
tide epitope binding agents include ligand regulated peptide
epitope binding agents.

The term “epitope binding agent construct” refers to a
construct that contains an epitope-binding agent and can
serve in a “molecular biosensor” with another molecular bio-
sensor. Preferably, an epitope binding agent construct also
contains a “linker,” and a “signaling oligo”. Epitope binding
agent constructs can be used to initiate the aptamer selection
methods of the invention. A first epitope binding agent con-
struct and a second epitope binding agent construct may be
joined together by a “linker” to form a “bivalent epitope
binding agent construct.” An epitope binding agent construct
can also be referred to as a molecular recognition construct.
An aptamer construct is a special kind of epitope binding
agent construct wherein the epitope binding agent is an
aptamer.

The phrase “in vitro evolution” generally means any
method of selecting for an aptamer that binds to a biomol-
ecule, particularly a peptide or polypeptide. In vitro evolution
is also known as “in vitro selection”, “SELEX” or “system-
atic evolution of ligands by exponential enrichment.” Briefly,
in vitro evolution involves screening a pool of random poly-
nucleotides for a particular polynucleotide that binds to a
biomolecule or has a particular activity that is selectable.
Generally, the particular polynucleotide (i.e., aptamer) repre-
sents a very small fraction of the pool, therefore, a round of
aptamer amplification, usually via polymerase chain reaction,
is employed to increase the representation of potentially use-
ful aptamers. Successive rounds of selection and amplifica-
tion are employed to exponentially increase the abundance of
the particular and useful aptamer. In vitro evolution is
described in Famulok, M.; Szostak, J. W., In Vitro Selection
of Specific Ligand Binding Nucleic Acids, Angew. Chem.
1992, 104, 1001. (Angew. Chem. Int. Ed. Engl. 1992, 31,
979-988.); Famulok, M.; Szostak, J. W., Selection of Func-
tional RNA and DNA Molecules from Randomized
Sequences, Nucleic Acids and Molecular Biology, Vol 7, F.
Eckstein, D. M. J. Lilley, Eds., Springer Verlag, Berlin, 1993,
pp- 271; Klug, S.; Famulok, M., All you wanted to know about
SELEX; Mol. Biol. Reports 1994, 20, 97-107; and Burg-
staller, P.; Famulok, M. Synthetic ribozymes and the first
deoxyribozyme; Angew. Chem. 1995, 107, 1303-1306 (An-



US 8,956,857 B2

39

gew. Chem. Int. Ed. Engl. 1995, 34, 1189-1192), which are
incorporated herein by reference.

In the practice of certain embodiments of the invention, in
vitro evolution is used to generate aptamers that bind to dis-
tinct epitopes of any given polypeptide or macromolecular
complex. Aptamers are selected against “substrates”, which
contain the epitope of interest. As used herein, a “substrate” is
any molecular entity that contains an epitope to which an
aptamer can bind and that is useful in the selection of an
aptamer.

The term “label”, as used herein, refers to any substance
attachable to a polynucleotide, polypeptide, aptamer, nucleic
acid component, or other substrate material, in which the
substance is detectable by a detection method. Non-limiting
examples of labels applicable to this invention include but are
not limited to luminescent molecules, chemiluminescent
molecules, fluorochromes, fluorescent quenching agents, col-
ored molecules, radioisotopes, scintillants, massive labels
(for detection via mass changes), biotin, avidin, streptavidin,
protein A, protein G, antibodies or fragments thereof, Grb2,
polyhistidine, Ni2+, Flag tags, myc tags, heavy metals,
enzymes, alkaline phosphatase, peroxidase, luciferase, elec-
tron donors/acceptors, acridinium esters, and colorimetric
substrates. The skilled artisan would readily recognize other
useful labels that are not mentioned above, which may be
employed in the operation of the present invention.

Asused herein, the term “macromolecular complex” refers
to a composition of matter comprising a macromolecule.
Preferably, these are complexes of one or more macromol-
ecules, such as polypeptides, lipids, carbohydrates, nucleic
acids, natural or artificial polymers and the like, in association
with each other. The association may involve covalent or
non-covalent interactions between components of the macro-
molecular complex. Macromolecular complexes may be rela-
tively simple, such as a ligand bound polypeptide, relatively
complex, such as a lipid raft, or very complex, such as a cell
surface, virus, bacteria, spore and the like. Macromolecular
complexes may be biological or non-biological in nature.

The term “molecular biosensor” and “molecular beacon”
are used interchangeably herein to refer to a construct com-
prised of at least two epitope binding agent constructs. The
molecular biosensor can be used for detecting or quantifying
the presence of a target molecule using a chemical-based
system for detecting or quantifying the presence of an ana-
lyte, a prion, a protein, a nucleic acid, a lipid, a carbohydrate,
abiomolecule, a macromolecular complex, a fungus, a micro-
bial organism, or a macromolecular complex comprised of
biomolecules using a measurable read-out system as the
detection method.

The phrase “natural cognate binding element sequence”
refers to anucleotide sequence that serves as a binding site for
a nucleic acid binding factor. Preferably the natural cognate
binding element sequence is a naturally occurring sequence
that is recognized by a naturally occurring nucleotide binding
factor.

The term “nucleic acid construct” refers to a molecule
comprising a random nucleic acid sequence flanked by two
primers. Preferably, a nucleic acid construct also contains a
signaling oligo. Nucleic acid constructs are used to initiate the
aptamer selection methods of the invention.

The term “signaling oligo™ means a short (generally 2 to 15
nucleotides, preferably 5 to 7 nucleotides in length) single-
stranded polynucleotide. Signaling oligos are typically used
in pairs comprising a first signaling oligo and a second sig-
naling oligo. Preferably, the first signaling oligo sequence is
complementary to the second signaling oligo. Preferably, the
first signaling oligo and the second signaling oligo can not
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form a stable association with each other through hydrogen
bonding unless the first and second signaling oligos are
brought into close proximity to each other through the media-
tion of a third party agent.

EXAMPLES

The following examples illustrate various iterations of the
invention.

Example 1

General Method for Preparing Specific Aptamer
Constructs Introduction

Disclosed is a method for the rapid and sensitive detection
of proteins, protein complexes, or analytes that bind to pro-
teins. This method is based on the protein-driven association
of two constructs containing aptamers that recognize two
distinct epitopes of a protein (a.k.a. “aptamer constructs™)
(FIG. 1A). These two aptamer constructs contain short
complementary signaling oligonucleotides attached to the
aptamers through a flexible linker. Upon the simultaneous
binding of the two aptamers to the target protein, the comple-
mentary oligonucleotides (a.k.a. “signaling oligos™) are
brought into relative proximity that promotes their associa-
tion to form a stable duplex. Attaching fluorescence probes to
the ends of the signaling oligos provides a means of detecting
the protein-induced association of the two aptamers con-
structs (FIG. 1A). In the case of proteins that possess natural
nucleic acid binding activity, one of the aptamers can be
substituted with a nucleic acid sequence containing the DNA-
binding sequence that the protein naturally binds to protein
(FIG. 1B).

Development or selection of aptamers directed to two dis-
tinct epitopes of a given protein is an essential step in devel-
oping the aptamer constructs depicted in FIG. 1. Review of
the available literature on aptamers reveals at least two pos-
sible approaches to achieve this goal. The first approach is to
perform in vitro selection (a.k.a. in vitro evolution) of nucleic
acid aptamers using different methods for the separation of
protein-bound and protein-unbound nucleic acid aptamers.
The rationale here is that in these different partitioning meth-
ods different regions of the protein are preferentially dis-
played resulting in aptamers directed to different regions of
the protein surface. Aptamers selected to thrombin (infra) are
an example of such an approach.

The in vitro selection of a first aptamer using as a substrate
thrombin immobilized on agarose beads resulted in an
aptamer binding the thrombin at the heparin exosite. Addi-
tional in vitro selection using as a substrate the thrombin-first
aptamer complex, which was bound to nitrocellulose as the
partitioning method, resulted in a second aptamer binding the
thrombin at the fibrinogen exosite.

While useful, this partitioning approach relies on the
chance selection of distinct epitopes rather than on intelligent
design. The second approach is to raise or select the aptamers
using as substrates peptides that correspond to selected
regions of the target protein molecule. There is evidence in the
art, which demonstrates that such strategy can be used to
develop aptamers capable of recognizing the intact protein
from which the peptide used as a substrate for aptamer devel-
opment was derived. Furthermore, this approach has been
widely used to generate antibodies, which recognize an intact
protein.

The general approach for preparing a set of aptamers
directed to an epitope of the protein distinct from the binding
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site of the first aptamer can be also used for proteins that
possess natural DNA binding activity. That is, co-aptamers,
which bind the substrate protein at a site distinct from the
natural DNA binding site, can be produced. Co-aptamers
produced by this method are optimized for functioning in the
molecular detection method depicted in FIG. 1.

Results and Discussion

FIG. 2 summarizes five possible methods for selecting
aptamers useful in the practice of the invention. Panel A
depicts the selection of an additional aptamer in the presence
of a target bound to a known aptamer. The nucleic acid con-
struct is comprised of a signaling oligo, represented by the
light gray bar, and two primers flanking a random DNA
sequence. In practice, the signaling oligo is treated as a spe-
cific subpart of the primer in the nucleic acid construct. A
complimentary signaling oligo is attached to the pre-selected
aptamer via a long flexible linker. Here, the process begins by
combining the nucleic acid construct, the target, and the
known aptamer construct. Selection of aptamers using such a
random DNA (or RNA) construct will be biased towards
aptamers capable of binding to the target at an epitope distinct
from the epitope of the known aptamer construct, and that will
function in molecular biosensors depicted in FIG. 3B.

An alternative scenario is depicted in panel B of FIG. 2,
which describes the simultaneous selection of two aptamers
binding two distinct epitopes of the target. The nucleic acid
constructs are comprised of signaling oligos (represented by
the light gray bars at the end of primer 1 and primer 4) and two
primers flanking either side of a random-sequence. There are
at least two different types of nucleic acid constructs, each
type containing unique primer sequences. In panel B, one
type contains primers 1 and 2, and the second contains prim-
ers 3 and 4. In this example, the process begins with combin-
ing both types of nucleic acid constructs, and the target.
Selection of aptamers using such random DNA (or RNA)
constructs will be biased towards aptamers capable of binding
to the target simultaneously at two distinct epitopes of the
protein, and that will function in sensors depicted in FIG. 3B.

Panel C of FIG. 2 depicts an alternative design for simul-
taneous selection of two aptamers binding two distinct
epitopes of the target. In addition to the two different types of
nucleic acid constructs, a third bridging construct is used. The
bridging construct comprises an additional pair of short oli-
gonucleotides (light gray bars) connected by a flexible linker.
These oligonucleotides will be complementary to the short
oligonucleotides at the end of the nucleic acid constructs. The
presence of the bridging construct during selection will pro-
vide a bias towards selecting pairs of aptamers capable of
simultaneously binding the target. Before cloning of the
selected aptamers (after the last selection) the pairs of
selected sequences will be enzymatically ligated using T4
ligase to preserve the information regarding the preferred
pairs between various selected aptamers.

In a fourth alternate embodiment, a second aptamer can be
selected in the presence of a target bound by an antibody
(FIG. 2D). The signaling oligo in the nucleic acid construct,
depicted by the light gray bar, is complementary to the sig-
naling oligo attached to the antibody via a long flexible linker.
The process begins by combining the nucleic acid construct,
the target, and the antibody construct. Selection of an aptamer
using such a random DNA (or RNA) construct will be biased
towards aptamers able to bind to the protein at an epitope
distinct from the antibody epitope and will function in sensors
depicted in FIG. 24C.

In a fifth alternate embodiment, a second aptamer can be
selected in the presence of the target bound to a double-
stranded DNA fragment (FIG. 2E). The signaling oligo in the
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nucleic acid construct, depicted by the light gray bar, is
complementary to the signaling oligo attached to the double-
stranded DNA construct via a long flexible linker. The pro-
cess begins by combining the nucleic acid construct, the
target, and the double-stranded DNA construct. Selection of
an aptamer using such a random DNA (or RNA) construct
will be biased towards aptamers able to bind to the target at a
site distinct from the double-stranded DNA binding site and
will function in sensors depicted in FIG. 1B or 24B.

Example 2
Methods and Aptamers for Detecting Thrombin

Introduction

The inventors of the instant invention have developed a
methodology for detecting DNA binding proteins, as
described in Heyduk, T. and Heyduk, E. “Molecular beacons
for detecting DNA binding proteins,” Nature Biotechnology,
20, 171-176, 2002, Heyduk, E., Knoll, E., and Heyduk, T.
“Molecular beacons for detecting DNA binding proteins:
mechanism of action,” Analyt. Biochem. 316, 1-10, 2003, and
copending patent application Ser. No. 09/928,385, which
issued as U.S. Pat. No. 6,544,746, Ser. No. 10/062,064, PCT/
US02/24822 and PCT/US03/02157, all of which are incor-
porated herein by reference. This methodology is based on
splitting the DNA binding site for a protein into two DNA
“half-sites” (FIG. 3A). Each of the resulting “half-sites™ con-
tains a short complementary single-stranded region of the
length designed to introduce some propensity for the two
DNA “half-sites” to associate recreating the duplex contain-
ing the fully functional cognate protein binding site. This
propensity is designed to be low such that in the absence of the
protein only a small fraction of DNA half-sites will associate.
When the protein is present in the reaction mixture, it will
bind only to the duplex containing a full and functional bind-
ing site. This selective binding drives the association of DNA
half-sites and this protein-dependent association can be used
to generate a spectroscopic or other signal reporting the pres-
ence of the target protein.

The term “molecular beacons” is used in the scientific
literature to describe this assay in order to emphasize the fact
that the selective recognition and generation of the reporting
signal occur simultaneously. Molecular beacons for DNA
binding proteins have been developed for several proteins
(Heyduk and Heyduk, 2002) illustrating their general appli-
cability. Their physical mechanism of action has been estab-
lished (Heyduk, Knoll and Heyduk, 2003) and they have also
been used as a platform for the assay detecting the presence of
ligands binding to DNA binding proteins (Heyduk, E., Fei, Y.,
and Heyduk, T. Homogenous fluorescence assay for cAMP.
Combinatorial Chemistry and High-throughput Screening 6,
183-194, 2003). While already very useful, this assay is lim-
ited to proteins, which exhibit natural DNA binding activity.

It has been well established that nucleic acid (DNA or
RNA) aptamers capable of specific binding to proteins lack-
ing natural DNA binding activity can be produced by in vitro
selection methods (Ellington, A. D., and Szostak, J. W. In
vitro selection of RNA molecules that bind specific ligands.
Nature 346, 818-822, 1990; Tuerk, C., and Gold, L. System-
atic evolution of ligands by exponential enrichment: RNA
ligands to bacteriophage T4 DNA polymerase. Science 249,
505-510, 1990; Gold, L., Polisky, B., Uhlenbeck, O. & Yarus,
M. Diversity of Oligonucleotide Function. Ann. Rev. Bio-
chem. 64, 763-797, 1995; and Wilson, D. S. & Szostak, J. W.
In vitro selection of functional nucleic acids. Ann. Rev. Bio-
chem. 68,611-647,1999; all of which are incorporated herein
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by reference). In vitro selection involves selection of nucleic
acid sequences, which bind to a specific substrate target, from
apool of random DNA sequences by cycles of binding, wash-
ing out unbound sequences and PCR amplification of target-
bound sequences. Numerous examples of the successful
selection of aptamers that specifically bind to a variety of
proteins as well as other target molecules (Ellington and
Szostak, 1990; Tuerk and Gold, 1990; Gold et alia, 1995;
Wilson and Szostak, 1999) provide a strong indication that
producing aptamers to any and all proteins is possible.

Described in this example is the novel concept of nucleic
acid-based molecular beacons for protein detection, which is
not limited to proteins with natural DNA binding activity. The
example of thrombin (infra) provides experimental validation
for this invention.

Results and Discussion

FIG. 3 illustrates the overall concept of molecular beacons
recognizing any target protein. This design shares some gen-
eral similarities with molecular beacons for DNA binding
proteins described previously and supra (FIG. 3A). Instead of
splitting the DNA duplex containing the natural binding site
for a protein into the two “half-sites”, two aptamers recog-
nizing two different epitopes of the protein are used as func-
tional equivalents of the “half-sites.” Short complementary
oligonucleotides (signaling oligos) containing the fluoro-
phore (first label) and the quencher (second label) are
attached to the two aptamers via a flexible linker (FIG. 3B). In
the absence of the target protein, the two aptamer constructs
do not associate since the complementary signal oligos are
too short to promote association. In the presence of the target
protein, the preferential binding of the protein to the two
aptamers should drive the association of the two aptamers
constructs resulting in a fluorescence signal change due to
bringing the first and second labels into close proximity.

Thrombin was selected as a model non-DNA-binding-pro-
tein system to provide experimental verification of the con-
cept illustrated in FIG. 3B. Two laboratories have previously
identified DNA aptamers that selectively recognized two dis-
tinct epitopes of the protein (Bock, L. C., Griffin, L. C,,
Latham, J. A., Vermass, E. H., and Toole, J. J. Selection of
single-stranded DNA molecules that bind and inhibit human
thrombin, Nature 355, 564-566, 1992; and Tasset, D. M.,
Kubik, M. F., and Steiner, W. Oligonucleotide inhibitors of
human thrombin that bind distinct epitopes, J. Mol. Biol. 272,
688 98, 1997, which are incorporated herein by reference).
Oligonucleotide constructs used herein are listed in Table 1.
One aptamer (G15D; THR4 in FIG. 4) was shown to bind to
the heparin exosite whereas the other aptamer (60-18 [29];
THR3 in FIG. 4) was shown to bind to the fibrinogen exosite.
As a first step towards developing a set of aptamer constructs
useful for recognizing thrombin, we prepared various
aptamer constructs in which the above aptamers were
covalently linked by flexible linkers (FIG. 4). The primary
purpose of these experiments was to determine if indeed
linking the two aptamer constructs with a flexible linker
would produce a bivalent aptamer construct capable of bind-
ing thrombin with higher affinity compared to a set of indi-
vidual aptamer constructs. A second purpose of these experi-
ments was to establish a suitable length of the linker and the
appropriate orientation of 5' and 3' ends of the two aptamers
with respect to the linker.

Individual aptamers were labeled with fluorescein (THR1
and THR2 in FIG. 4) to facilitate determination of the affinity
of various constructs for thrombin. Formation of a complex
between thrombin and fluorescein-labeled 60-18 [29]
aptamer (THR1) could be conveniently followed by fluores-
cence polarization (FIG. 5A) whereas binding of the fluores-
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cein-labeled G15D aptamer (THR2) could be followed by
changes in fluorescence intensity (FIG. 5B). Both aptamers
bound thrombin in the nanomolar concentration range (FIGS.
5A and 5B). Quantitative analysis of the binding in the case of
THR2 (FIG. 5C) returned the value of Kd of 6.3 nM. This is
somewhat of a higher affinity than that previously suggested
(Bock et alia, 1992), which could be explained by the true
equilibrium-binding assay used herein vs. the non-equilib-
rium methodology used previously. When the binding of
THR2 was performed in the presence of 10-fold excess of
unlabeled 60-18 [29] aptamer (THR3) (FIG. 5D) only a small
and insignificant decrease in affinity was observed. This
shows that indeed G15D and 60-18 [29] aptamers bind inde-
pendently to two distinct epitopes of thrombin.

In the next step the ability of various aptamer constructs
illustrated in FIG. 4 to compete with THR2 for binding to
thrombin was evaluated. FIG. 6 illustrates the manner in
which these experiments were performed. Fluorescence
spectra of HR2 were recorded in the presence and absence of
thrombin (FIG. 6A). Thrombin produced ~50% increase in
fluorescence of THR2. Unlabeled competitor aptamer con-
structs were then added (FIGS. 6B-D). A small effect of
thrombin on the fluorescence of THR2 in the presence of a
competitor would be a hallmark of an efficient competitor.
THR3 was not a competitor (FIG. 6B) in agreement with the
data shown in FIGS. 5 C and D. THR4 (an unlabeled variant
of THR2) was able to compete as expected (FIG. 6C). How-
ever, THR7 (one of the bivalent aptamer constructs) was a
much better competitor than THR4 (FIG. 6D). No fluores-
cence change of THR2 in the presence of thrombin was
detected when THR7 was present in solution. FIG. 7 shows a
summary of the competition experiments with all of the con-
structs shown in FIG. 4.

All bivalent aptamer constructs were shown to bind to
thrombin much tighter (Kd’s in pM range) than individual
aptamers, thus providing validation of the expectation that
linking two aptamers, which recognize two different epitopes
of the protein, with flexible linkers should produce high-
affinity thrombin ligands. Additionally, these data showed
that linking two aptamers by a longer linker containing 10
Spacer 18 units produced slightly better affinity for thrombin
(compare binding of THRS vs. THR6). Also, these data
showed that orientation of the aptamers with respect to the
linker as in THR7 produced better affinity (compare affinity
of THR6 vs. THR7). Thus, in all subsequent experiments
constructs having an aptamer orientation as in THR7 were
used.

The purpose of the experiments shown in FIG. 8 was to
demonstrate that both epitopes of thrombin are important for
high affinity binding of bivalent aptamer constructs. Direct
competition between binding of THR2 and the bivalent
aptamer construct provided evidence that the epitope recog-
nized by THR2 (heparin exosite) was necessary for bivalent
aptamer binding. To demonstrate that the second epitope was
also important, we compared the ability of a bivalent aptamer
construct (THRS, see FIG. 4) to compete with THR2 for
binding to thrombin in the absence and presence of excess of
unlabeled THR3. We expected that if THRS needs both
thrombin epitopes for high-affinity binding, in the presence of
THR3 one should observe diminished ability of THRS to
compete with THR2. This is exactly what has been observed
in experiments illustrated in FIG. 8. THRS alone was a very
effective competitor for THR2 (compare FIG. 8D with 8A).
THR3 alone was not a competitor for THR2 (compare FIGS.
8A and C). THRS in the presence of THR3 was a worse
competitor than THRS alone (compare FI1G. 8B with 8C). We
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therefore concluded that high-affinity binding of the bivalent
aptamer constructs to thrombin involves both first and second
aptamer epitopes.

The bivalent aptamer construct-thrombin complex was
stable enough to survive electrophoresis in native polyacry-
lamide gel (FIG. 9A). We took advantage of this attribute to
determine the stoichiometry of the complex using EMSA to
follow THR7-thrombin complex formation. We performed a
titration of THR7 with thrombin at high concentrations of
both molecules. Under these conditions, the binding should
be stoichiometric. The plot of the complex formed vs. the
ratio of thrombin to THR7 did in fact show a 1:1 stoichiom-
etry of the complex (FIG. 9B).

The experiments illustrated in FIGS. 10 and 11 were per-
formed to test if an alternative design of bivalent aptamer
constructs could be used to prepare these constructs. We
designed bivalent aptamer constructs shown in FIG. 10 such
that they were made entirely of DNA, avoiding the use of a
non-DNA linker (poly dT was used as the linker in this case)
(FIG. 10). This could potentially offer more flexibility in
designing such constructs and could also lower the cost of
making the aptamer constructs. Two aptamers were joined
together by a DNA duplex at the end of flexible linkers (FIG.
10). This aspect of the invention was intended to mimic the
design of signaling “beacons” (FIG. 3B) in which the signal-
ing function involves formation of a DNA duplex at the end of
the linkers connecting the aptamers to the duplex. Three
different lengths of the poly dT linker were tested (7, 17 and
27 nt) to determine the minimal linker length requirement for
high-affinity binding. FIG. 11 shows the results of simulta-
neous titration of the constructs shown in FIG. 10 with throm-
bin. Formation of aptamer construct-thrombin complexes
was followed by EMSA. Each of the constructs bound throm-
bin with high affinity. However, it is clear that the construct
with 7 nt poly dT linker had significantly lower affinity to
thrombin compared to constructs with 17 and 27 nt linkers.
This is best illustrated by inspecting the lane marked with the
asterisk which shows that at this particular concentration of
thrombin almost all of the 17 and 27 nt poly dT linker con-
structs were bound by thrombin whereas a significant (~50%)
fraction of the 7 nt poly dT construct remained unbound. In
summary, the results described in FIGS. 10 and 11 show that
the alternative design of bivalent aptamer constructs illus-
trated in FIG. 10 is feasible and that at least a 17 nt long poly
dT linker connecting the aptamers with the DNA duplex is
more optimal for binding of the constructs to thrombin.

The experimental data presented in FIGS. 3-11 provided
evidence that all necessary conditions for the signaling bea-
con shown in FIG. 3B to function were met in the case of
thrombin and the two aptamers binding to two distinct region
of thrombin. Based on the information provided by the
experiments illustrated in FIGS. 3-11, we designed and tested
a thrombin-signaling beacon. The beacon shown in FIGS.
12A and B is a derivative of THR16/THR17 bivalent aptamer
construct. Aptamers were connected using a 17 nt long poly
dT linker to 7 nt complementary oligonucleotides (signaling
oligos) labeled at 5' and 3' with fluorescein and dabeyl,
respectively. The addition of thrombin to a mixture of THRS8
and THRO resulted in a protein-dependent quenching of fluo-
rescence intensity (FIG. 12C). No fluorescence change was
observed upon addition of thrombin to THR9 in the absence
of dabeyl-labeled partner (THRS) (FIG. 12C). Clearly, these
data show that indeed the expected thrombin-driven associa-
tion between THRS8 and THRO (as illustrated in FIG. 12B)
was observed and a functional thrombin-signaling beacon
was thus obtained.
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The magnitude of the fluorescence change induced by
thrombin, while very reproducible and specific, initially was
not very large (~20%). We therefore sought to improve this
property of the thrombin-signaling beacon by replacing the
poly dT linkers with the more flexible Spacer 18 linker (FIGS.
13A and B). We reasoned that poly dT linkers, while flexible,
exhibit some residual rigidity (Mills, J. B., Vacano, E., and
Hagerman, P. J. Flexibility of single-stranded DNA: use of
gapped duplex helices to determine the persistence lengths of
poly (dT) and poly (dA), J. Mol. Biol. 285, 245-57, 1999;
which is incorporated herein by reference), which could
impede the association of the signaling duplex when the two
aptamers are bound to thrombin. The beacon shown in FIG.
13 differs only in the nature of the linkers from the beacon
shown in FIG. 12. The remaining sequence is otherwise iden-
tical. FIG. 13C shows that upon addition of thrombin to a
mixture of THR20 and THR21, protein concentration-depen-
dent quenching of fluorescence was observed whereas no
change of fluorescence was detected when thrombin was
added to THR21 alone. Response of the beacon to thrombin
in the case of this particular beacon was much larger (a
~2-fold decrease in fluorescence). The degree of fluorescence
signal change in this case was comparable to what we had
previously observed with beacons for detecting DNA binding
proteins (supra). We concluded thus that a functional throm-
bin beacon was obtained and that the design utilizing a more
flexible Spacer18 linker resulted in a better signal change
upon thrombin binding compared to the design with poly dT
linker. We next conducted a series of experiments to further
characterize the behavior of this thrombin beacon.

The experiment illustrated in FIG. 14 was conducted to
provide confirmation that indeed the fluorescein-labeled
aptamer construct (THR21) was incorporated into a stable
complex in the presence of THR20 and thrombin. FIG. 15
shows the results, which illustrates the sensitivity of thrombin
detection (FIG. 15A) and specificity of thrombin detection
(FIG. 15B). Because the binding of thrombin to bivalent
aptamer constructs was extremely tight (pM Kd’s), and since
the assay appears to be limited only by the sensitivity of
detection of fluorescein signal, the sensitivity of thrombin
detection could be manipulated by changing the concentra-
tion of the aptamer constructs. This is illustrated in FIG. 15A
where using 50 nM THR21 and 75 nM THR20, ~10 nM of
thrombin could be detected whereas, when 10 fold smaller
concentrations of aptamer constructs were used (5 nM
THR21 and 7.5 nM THR20), a 10 fold lower (~1 nM) con-
centration of thrombin could be detected. Using even lower
aptamer construct concentrations (500 pM THR21 and 750
pM THR22), ~100 pM thrombin could be detected (not
shown), but this low concentration of fluorescein-labeled
aptamer construct is close to the limits of sensitivity of our
instrumentation and the quality of the data was concomitantly
decreased. To demonstrate the specificity of thrombin detec-
tion, we compared the response of the aptamer constructs to
thrombin with the response to trypsin, a protease belonging to
the same family as thrombin and sharing structural homolo-
gies with thrombin. No signal was detected upon addition of
trypsin (FIG. 15B), indicating a high specificity of the
aptamer constructs for thrombin.

FIG. 16 shows the results of competition experiments, in
which the ability of various aptamer constructs to dissociate
the preformed thrombin-aptamer construct complex was
tested. The data obtained showed that all bivalent aptamer
constructs were by far much more efficient competitors than
any of the individual epitope-specific aptamers, in agreement
with similar experiments performed with fluorescein-labeled
individual aptamer (supra, THR2; FIG. 6). Among the biva-
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lent aptamer constructs, THR18/THR19 (a construct with 27
nt long poly dT linker) and THR16/THR17 (a construct with
17 nt long poly dT linker) were the most efficient competitors
followed by THR14/THR15 (a construct with 7 nt poly dT
linker) and THR7 (which has a Spacer18 linker). It appears
thus that although additional flexibility of Spacer18 linkers
was beneficial in terms of the magnitude of fluorescence
signal change produced by the aptamer construct signal
change, it also resulted in somewhat reduced affinity for
binding thrombin in comparison with the constructs contain-
ing more rigid poly dT linkers.
Conclusions

We obtained data providing basic physicochemical char-
acterization of the bivalent aptamer constructs containing two
aptamers recognizing two different epitopes of thrombin. The
bivalent constructs exhibited much higher affinity for throm-
bin than the individual aptamer components of the bivalent
construct. This suggested that addition of thrombin to a mix-
ture of aptamers “half-sites” should induce association of the
two “half-sites” generating fluorescence signal as a result of
bringing the fluorophore and the quencher to close proximity.
Experiments with beacon constructs fully validated this pre-
diction. We expect that it will be possible to develop analo-
gous beacons for a large number of target proteins. We also
note that the beacon design described here can also be
adopted to improve beacons for detecting proteins exhibiting
natural DNA binding activity (FIG. 1B). In this case one of
the aptamers “half-sites” can be replaced with the DNA
duplex (containing the protein binding site sequence) con-
nected to signaling complementary oligonucleotide via flex-
ible linker.

Example 3
Analyte Detection in a Sample

Materials

Purified thrombin was a gift from Dr. Ray Rezaie (St. Louis
University). Factor Xa, prothrombin, ovalbumin, bovine
serum albumin, single-stranded binding protein, trypsin and
plasma were purchased from Sigma (St. Louis, Mo.). HeL.a
cellular extracts were from ProteinOne (College Park, Md.).
Texas Red-NHS and Sybr Green were from Molecular Probes
(Eugene, Oreg.), Cy5-NHS and Cy3-NHS were from Amer-
sham Biosciences (Piscataway, N.J.), and AMCA-sulfoNHS
was from Pierce (Rockford, Ill.). All other reagents were
commercially available analytical grade.

Oligonucleotide constructs used throughout this work are
listed in Table 1. Oligonucleotides were obtained from Keck
Oligonucleotide Synthesis Facility at Yale University or from
IDT (Coralville, Iowa). 5' fluorescein and 3' dabcyl were
incorporated using appropriate phosphoramidates during oli-
gonucleotide synthesis. All other fluorophores were incorpo-
rated into oligonucleotides by post-synthetic modification of
oligonucleotides containing 5' amino or C6 amino-dT at
appropriate positions with NHS esters of the dyes. Oligo-
nucleotides labeled with fluorescence probes were purified by
reverse-phase HPLC as described previously (Heyduk, E.;
Heyduk, T. Anal. Biochem. 1997, 248, 216-227). Modifica-
tion of oligonucleotides with europium chelate ((Eu3+)
DTPA-AMCA) was performed by a two-step procedure
describedin Heyduk, E.; Heyduk, T.; Claus, P.; Wisniewski, J.
R.J.Biol. Chem. 1997, 272, 19763-19770. Concentrations of
all oligonucleotides were calculated from UV absorbance at
260 nm after correction for the contribution of the fluorophore
absorbance at 260 nm.
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Fluorescence Measurements.

All fluorescence measurements were performed in 50 mM
Tris (pH 7.5), 100 mM NaCl, 5 mM KCI, 1 mM MgCl,.
Fluorescence spectra were recorded on Aminco Bowman
Series 2 spectrofluorometer (Spectronic Instruments, Roch-
ester, N.Y.). Spectra were corrected for buffer and instrument
response. Fluorescence in microplates was read with a Tecan
Spectra Fluor Plus microplate reader (Research Triangle
Park, N.C.). Alternatively, microplates were imaged on
Molecular Imager FX (BioRad, Hercules, Calif.) and fluores-
cence intensity was determined by integrating the areas of
images corresponding to individual wells using QuantityOne
software (BioRad). Experiments in 96-well plates and 384-
well plates were conducted in 100 pl and 20 pl volumes,
respectively. Depending on particular instrumentation,
slightly different beacon signal changes are recorded due to
different buffer background readings with different instru-
ments (depending on the sensitivity of the instrumentation)
and different wavelengths of excitation and emission avail-
able with each instrument.

Time-resolved fluorescence in the case of europium che-
late-Cy5 labeled beacons was recorded on a laboratory-built
instrumentation (Heyduk, T.; Heyduk, E. Analytical Bio-
chemistry 2001, 289, 60-67), which employed a pulsed nitro-
gen laser as the excitation source. Emission was integrated for
100 ms with 30 msec delay after laser pulse.

Competition Assay to Determine Thrombin Aptamer Dis-
sociation Constants.

Fluorescence intensity of THR2 in the presence and
absence of the competitor was determined. Concentration of
thrombin, THR2, and the competitor (when present) were
150 nM, 200 nM, and 200 nM, respectively. Under these
conditions, binding of aptamers to thrombin was essentially
stoichiometric. The previously described method (Matlock,
D. L.; Heyduk, T. Biochemistry 2000, 39, 12274-12283) was
used to calculate the ratio of the dissociation constant for
THR2 to that of the competitor under these experimental
conditions.

Thrombin Aptamer Binding by Electrophoretic Mobility
Shift Analysis (EMSA).

Five microliter samples of 417 nM THR7 were incubated
with various amounts of thrombin (0 to 833 nM). After 15 min
incubation, 1 ml of 30% Ficoll were added and the samples
were run on a 10% polyacrylamide gel in TBE buffer. After
the run, the gel was stained for 30 min with Sybr Green and
the image of the gel was obtained using Molecular Imager FX
(BioRad). Intensity of the bands in the gel was determined by
integrating the areas of image corresponding to individual
bands using QuantityOne software (BioRad).

Design of Aptamer-Based Molecular Beacons.

FIG. 3B illustrates the overall concept of molecular bea-
cons for proteins lacking natural sequence-specific DNA
binding activity. This design shares some general similarities
with molecular beacons for DNA binding proteins described
previously by inventor (Heyduk, T.; Heyduk, E. Nature Bio-
technology 2002, 20, 171-176; Heyduk, E.; Knoll, E.; Hey-
duk, T. Analyt. Biochem. 2003, 316, 1-10; Knoll, E.; Heyduk,
T. Analyt. Chem. 2004, 76, 1156-1164; Heyduk, E.; Fei, Y.;
Heyduk, T. Combinatorial Chemistry and High-throughput
Screening 2003, 6, 183-194), (FIG. 3A). Instead of splitting
the DNA duplex containing the natural binding site for a
protein into the two “half-sites,” two aptamers recognizing
two non overlapping epitopes of the protein are used as func-
tional equivalents of the “half-sites.” Short complementary
“signaling” oligonucleotides containing the fluorophore and
the quencher are attached to the two aptamers via flexible
linkers (FIG. 3B). In the absence of the target protein the
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two-aptamer “half-sites” cannot associate since the comple-
mentary oligonucleotides are too short to promote efficient
annealing. Binding of the aptamer “half-sites” to the target
protein brings the two “signaling” oligonucleotides into rela-
tive proximity increasing their local concentrations. This
results in the annealing of the “signaling” oligonucleotides,
which brings the fluorophore and the quencher into close
proximity resulting in a change of fluorescence signal.

Properties of Bivalent Thrombin Aptamers.

We used thrombin as a model system to provide “proof-of-
principle” verification of the concept illustrated in FIG. 3B.
Thrombin is a proteolytic enzyme involved in the blood-
clotting cascade and naturally does not bind to DNA or RNA.
Two laboratories have previously developed DNA aptamers,
which selectively recognized two distinct epitopes of the
protein (Bock, L. C.; Griffin, L.. C.; Latham, J. A.; Vermass, E.
H.; Toole, J. J. Nature 1992, 355, 564-566, Tasset, D. M.;
Kubik, M. F.; Steiner, W. J. Mol. Biol. 1997, 272, 688 698).
One aptamer (G15D; THR4, Table 1) was shown to bind to
the heparin-binding exosite (Bock, 1992) whereas the other
(60-18[29]; THR3, Table 1) was shown to bind to fibrinogen-
binding exosite (Tasset 1997). As a first step towards devel-
oping a beacon recognizing thrombin, we have prepared vari-
ous aptamer constructs in which the above aptamers were
covalently linked by flexible linkers. The primary purpose of
these experiments was to determine if linking the two aptam-
ers recognizing two distinct epitopes on a protein surface with
a flexible linker would produce a bivalent aptamer capable of
binding the protein with higher affinity compared to the indi-
vidual aptamers. This is an essential condition for the assay
illustrated in FIG. 3B to work. It was essential to experimen-
tally address this question since it is impossible to predict the
effect of long flexible linkers on the affinity of these bivalent
constructs. A second purpose of these experiments was to
establish a suitable length of the linker and the appropriate
orientation of the 5' and 3' ends of the two aptamers with
respect to the linker.

Individual aptamers were labeled with fluorescein (i.e.,
THR1 (Table 1) specific for the fibrinogen-binding exosite
and THR2 (Table 1) specific for the heparin-binding exosite)
to facilitate determination of the affinity of various constructs
for thrombin. Formation of a complex between thrombin and
the fluorescein-labeled 60-18 [29] aptamer (THR1) could be
conveniently followed by fluorescence polarization (not
shown) whereas binding of the fluorescein-labeled G15D
aptamer (THR2) could be followed by changes in fluores-
cence intensity (FIG. 17A). Both aptamers bound thrombin in
the nanomolar concentration range (data not shown for THR1
and FIG. 17A). Quantitative analysis of the binding in the
case of THR2 (FIG. 17A) returned the value of Kd of 6.3 nM.
This is somewhat higher affinity then previously suggested
(Bock 1992, Tasset 1997) which is probably because we used
a true equilibrium-binding assay whereas non-equilibrium
methodology was used previously. When the binding of
THR2 was performed in 10x excess of unlabeled 60-18 [29]
aptamer (THR3) (FIG. 17B) only a small, insignificant
decrease in affinity was observed (Kd was 17.7 nM). This
confirmed that, as reported previously, G15D and 60-18 [29]
aptamers bound independently to two distinct epitopes of
thrombin.

In the next step, the ability of various aptamer constructs to
compete with THR2 for binding to thrombin was evaluated.
Fluorescence intensity change of THR2 upon addition of
thrombin in the presence and absence of the competitor was
measured and the amount of THR2 bound to thrombin in the
presence of the competitor was calculated as described in
Materials and Methods. No aptamer-aptamer interactions
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could be detected by fluorescence polarization assay (not
shown) at aptamer concentrations used in these experiments
indicating that the competition data correctly reported on the
relative affinity of THR2 and the competitor for binding to
thrombin. THR3 was not a competitor (FIG. 17C) in agree-
ment with the data shown in FIGS. 17A and B. THR4 (unla-
beled variant of THR2), as expected, was able to compete
(FIG. 17C). Quantitative analysis of the competition in this
case showed that THR4 bound thrombin 1.7 times better then
THR?2 indicating that labeling this aptamer with fluorescein
had small (insignificant) negative effect on aptamer binding
to thrombin. It is obvious that all of the bivalent aptamer
constructs were by far better competitors than THR4 (FIG.
17C). THR7 appeared to be the best competitor, essentially
completely blocking THR2 binding at 1:1 ratio. Quantitative
analysis of the competition in this case revealed that THR7
bound thrombin at least 65 fold tighter then THR2 (estimated
Kd for THR7 was <97 pM). The data shown in FIG. 17C
confirmed the expectation that linking two aptamers recog-
nizing two different epitopes of the protein with flexible link-
ers would produce high-affinity thrombin ligands. Addition-
ally, these data showed that linking the two aptamers by a
longer linker (containing 10 Spacer18 units vs. 5 Spacerl8)
produced slightly better affinity for thrombin (compare bind-
ing of THRS vs. THR6). Also, these data showed that orien-
tation of the aptamers with respect to the linker as in THR7
produced better affinity (compare affinity of THR6 vs.
THR?7). Thus, in all subsequent constructs, aptamer orienta-
tion as in THR7 was used.

The complex between the bivalent aptamer construct
(THR7) and thrombin was stable enough to survive electro-
phoresis in native polyacrylamide gel (FIG. 17D). We took
advantage of this observation and determined stoichiometry
of the complex using electrophoretic mobility shift assay
(EMSA) (Fried, M. G.; Crothers, D. M. Nucleic Acid Res.
1981, 9, 6505-6525) to follow THR7-thrombin complex for-
mation. We performed a titration of THR7 with thrombin at
high concentrations of both molecules. Under these condi-
tions the binding should be stoichiometric. The plot of the
complex formed vs. the ratio of thrombin to THR7 indicated
1:1 stoichiometry of the complex (FIG. 17D) consistent with
the notion that both aptamer components of THR7 bind to
their respective epitopes in THR7-thrombin complex.

Aptamer-Based Molecular Beacon Detecting Thrombin.

Experimental data described above provided evidence that
all necessary conditions for successtul implementation of the
design of the signaling beacon shown in FIG. 3B were met.
Based on these data we have designed the thrombin beacon
illustrated in FIG. 13 A. Thrombin aptamers were connected
using 5 Spacer18 linkers to a 7 nucleotide (“nt”) complemen-
tary oligonucleotides labeled at 5' and 3' with fluorescein and
dabceyl, respectively. Mixture of these two constructs bound
thrombin much more tightly (~36 times) compared to indi-
vidual aptamers (FIG. 17C) in agreement with high affinity
thrombin binding observed for bivalent aptamer constructs in
which the two aptamers were permanently linked with a
flexible linker. Addition of thrombin to a mixture of fluoro-
chrome and quencher-labeled THR20 and THR21 resulted in
protein concentration-dependent quenching of fluorescence
intensity (FIG. 13C). Maximum quenching observed was
~40%. No fluorescence change was observed (FIG. 13C)
upon addition of thrombin to THR21 in the absence of dab-
cyl-labeled partner (THR20) indicating that fluorescence
quenching occurred due to protein-induced increased prox-
imity of signaling oligonucleotides resulting in their anneal-
ing as illustrated in FIG. 13B. At nanomolar concentrations of
the beacon components and thrombin ~15 min of incubation



US 8,956,857 B2

51

was sufficient to produce maximal response of the beacon. We
have also tested thrombin beacons analogous to one shown in
FIG. 13 but in which 17 nt poly dT linkers were used in place
of'Spacerl8 linkers. While thrombin-dependent quenching of
fluorescence was observed, the quenching was ~2 times
smaller than with the construct containing Spacer18 linkers.
Itis likely that poly dT linkers, while flexible, exhibited some
residual rigidity (Mills, J. B.; Vacano, E.; Hagerman, P. J. J.
Mol. Biol. 1999, 285, 245-257), which perhaps might impede
association of the signaling duplex when the two aptamers are
bound to thrombin. When the beacon shown in FIG. 13 was
titrated with trypsin, a proteolytic enzyme structurally similar
to thrombin, no change of fluorescence intensity was
observed. We concluded that a functional thrombin beacon
according to the design illustrated in FIG. 3B was obtained.

Improvements in Beacon Performance.

In the next set of experiments, we sought to improve the
performance of the beacon by using alternative donor-accep-
tor label pairs. It has been shown previously that in assays
employing FRET as the readout, enhancement of acceptor
emission provides potentially better signal to background
ratio, higher dynamic range, and better sensitivity (Heyduk,
E.; Knoll, E.; Heyduk, T. Analyt. Biochem. 2003, 316, 1-10).
We have prepared a series of thrombin beacon constructs
analogous to the one depicted in FIG. 3B, but in which various
combinations of fluorescent donor and fluorescent acceptor
were incorporated into the signaling oligonucleotides in place
of fluorescein-dabeyl pair. THR21 (or THR28 labeled with
appropriate NHS ester of the dye) and THR27 labeled with
appropriate NHS ester of the dye were used to prepare these
beacons. FIG. 18 shows fluorescence spectra of beacons
(without and with thrombin addition) labeled with: fluores-
cein-Texas Red (FIG. 18B), fluorescein-Cy5 (FIG. 18C) and
Cy3-CyS5 (FIG. 18D). In all cases functional beacons were
obtained and with each beacon containing a fluorescent donor
and fluorescent acceptor, a large thrombin concentration-de-
pendent increase of sensitized acceptor emission was
observed (FIG. 18, insets and FIG. 19A-D). For comparison,

FIG. 18A illustrates fluorescence quenching observed in
the presence of thrombin in the case of a fluorophore-
quencher pair (fluorescein-dabeyl). FIG. 19E illustrates
results obtained with europium chelate-Cy5 donor-acceptor
pair which allowed the use of time-resolved FRET (TR-
FRET) as a detection method (Selvin, P. R.; Rana, T. M.;
Hearst, J.E. J. Am. Chem. Soc. 1994, 116, 6029-6030; Selvin,
P. R.; Hearst, I. E. Proc. Natl. Acad. Sci. USA 1994, 91,
10024-10028; Mat this, G. Clinic. Chem. 1995, 41, 1391-
1397). With TR-FRET it is possible to eliminate background
due to light scattering and prompt fluorescence of directly
excited acceptor to further improve signal-to-background
ratio of'the beacon. FIG. 19F summarizes the performance of
beacon variants with various combinations of donor and
acceptor probes. The figure shows the fold of signal change in
the presence of saturating concentrations of thrombin com-
pared to background signal of the beacon observed in the
absence of the protein. This ratio varied from ~2 in the case of
fluorescein-dabceyl pair to ~22 in the case of europium che-
late-Cy5 pair. Thus, a substantial improvement of beacon
performance can be obtained by selecting optimal donor-
acceptor pairs and using sensitized acceptor emission as the
mode of signal detection. An additional advantage of beacon
variants with a fluorescent donor and a fluorescent acceptor is
that their response can be measured by a two-color determi-
nation of the ratio of acceptor to donor signals. Such ratio-
metric measurement provides a more stable signal, which is
more resistant to nonspecific effects due to light absorption,
light scattering or fluorescence quenching caused by addi-
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tives present in the sample. Increased signal-to-background
ratio obtained with optimized donor-acceptor pairs resulted
in an increased sensitivity of the beacon. This is illustrated in
FIG. 20, which shows responses of three selected beacon
variants to low concentrations of thrombin. In the case of the
fluorescein-dabceyl labeled beacon (the lowest (~2 fold) signal
change in the presence of saturating concentration of throm-
bin), statistically significant signal change could only be
detected at the highest thrombin concentration tested (1 nM).
In the case of the fluorescein-Texas Red labeled beacon (~5
fold signal change at saturating thrombin concentration), sta-
tistically significant signal change could be detected at lower
thrombin concentration (200 pM). In the case of the fluores-
cein-CyS5 labeled beacon (~15 fold signal change at saturating
thrombin concentration), statistically significant signal
change could be detected at the lowest thrombin concentra-
tion tested (50 pM).

Signaling oligos play two important roles in assays thatuse
FRET detection. The first role, as in other assays, is to provide
the means for generating a FRET signal, thereby reporting the
presence of the target protein. It is important to emphasize
that the use of the signaling oligos (as opposed to direct
labeling of the epitope binding agents with fluorescence
probes) allows the reliable generation of a FRET signal
regardless of the specific configuration of the complex and the
size of the complex (within the range of the reach of flexible
linkers). This is because the FRET signal is generated due to
target protein dependent annealing of the signaling oligos,
which brings the fluorescent probes into close proximity. This
proximity does not depend on the architecture of the complex
but is determined by a simple and predictable geometry of
duplex DNA. Typically, the relatively short distance between
probes (~50 A or less) necessary for efficient FRET can be
difficult to incorporate into an assay design. The signaling
oligos eliminate one of the difficulties in designing assays
based on FRET.

The second role of the signaling oligos is less obvious but
equally important. Favorable free energy of association
between the signaling oligos, together with their high local
concentration (resulting from their attachment through flex-
ible linkers) increases the stability of the complex. A simple
model was used to study the rules of free energy additivity in
multivalent ligands connected by flexible linkers. This analy-
sis indicated that the stability of the complex could be 10-10,
000 times better (depending on the affinity of individual
epitope binding agents, length of signaling oligos, and the
length of flexible linkers) compared to the same complex
without a signaling oligo component. Increased stability of
the complex will result in increased sensitivity and increased
specificity of the assay.

FIG. 21 illustrates the excellent reproducibility and stabil-
ity of the thrombin beacon signal. The beacon signal was
measured at four thrombin concentrations in five independent
measurements. Coefficients of variation were small at each
protein concentration tested (FIG. 21A). The beacon signal
was stable for at least 24 hours (FIG. 21B).

Coincidence of three molecular contacts is required to
generate a signal with the beacon illustrated in FIG. 3B: two
contacts between each of the aptamers and the protein and the
contact between the two complementary “signaling” oligo-
nucleotides. Each of these contacts provides its own free
energy contribution to the overall stability of beacon-protein
complex. Due to an exponential relationship between the free
energy and equilibrium dissociation constant of the complex,
the overall stability of the complex would greatly decreased
in the absence of any of the above three molecular contacts.
Thus, it is expected that molecular beacons described here
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should exhibit greater specificity of protein detection com-
pared to an assay based on a single molecular contact (for
example, a single aptamer-based assay). To illustrate this
concept we have compared the response of a single thrombin
aptamer and thrombin beacon to SSB (Single Stranded DNA
binding protein from E. coli), a protein exhibiting high non-
specific affinity for binding ss DNA (data not shown). SSB at
nanomolar concentrations produced a large signal (as mea-
sured by fluorescence polarization assay) with the single,
fluorescein-labeled aptamer (THR1, Table 1). SSB produced
the response in a concentration range very similar to the
concentration of thrombin required to bind this aptamer.
Thus, single thrombin aptamer exhibited very poor discrimi-
nation between SSB and thrombin. In contrast, exposure of
thrombin beacon to nanomolar SSB concentration did not
produce any significant beacon response, while thrombin at
the same concentration range produces large beacon
response. Thus, the thrombin beacon exhibited excellent dis-
crimination between SSB and thrombin illustrating enhanced
specificity of the beacon.

The primary application of the assay design described here
will be in homogeneous high-throughput protein detection.
Zhang et al. (Biomol. Screening 1999, 4, 67-73) developed a
simple statistical parameter, which could be used to evaluate
assay for the use in a high-throughput manner. Z'-factor is
calculated from large number of repeats of the measurement
in the absence and the presence of the protein. Z' value of 1
indicates an ideal assay, Z' value of 0.5 to 1 indicates an
excellent assay. Z' values below 0.5 indicate an assay not well
suited for high-throughput applications. Z' value for the
thrombin beacon was 0.94 (FIG. 22) which shows that it will
be an outstanding high-throughput assay.

Detection of Thrombin in Complex Mixtures.

The next series of experiments addressed the specificity of
the thrombin beacon and its ability to detect thrombin in cell
extracts and in plasma. Response of the beacon to 1 nM
thrombin was not affected by 100 and 1000 fold excess of
unrelated protein (ovalbumin, FIG. 23A). Also, 100-fold
excess of factor Xa, another clotting protease structurally
similar to thrombin, did not affect the beacon response to 1
nM thrombin (FIG. 23A). A 1000-fold excess of factor Xa
slightly attenuated the beacon response but 1 nM thrombin
was still readily detectable under these conditions (FIG.
23A). Ovalbumin and factor Xa up to 1 mM concentration
had no effect on the beacon signal in the absence of thrombin
(FIG. 23A). We concluded that the beacon was highly selec-
tive for thrombin.

To test if the beacon could detect thrombin in a complex
mixture, we spiked Hela cellular extract with varying
amounts of thrombin and determined beacon response to this
mixture (FIG. 23B). Low nanomolar concentrations of
thrombin were readily detected. A total of 8 ug of protein were
added to a 20 pl assay, which is within a typical range used in
experiments with cellular extracts. The signal observed upon
addition of cell extract could be completely abrogated by
addition of a specific competitor (unlabeled thrombin
aptamer) confirming that the observed signal in the cell
extract was due to thrombin. One difficulty we’ve encoun-
tered working with cellular extracts was the degradation of
oligonucleotides—components of the assay—by nucleases
present in cellular extracts. We have tested various buffer
additives to find conditions in which the thrombin beacon
would remain stable in the presence of cell extracts for a
sufficiently long period of time. We found that addition of
high concentrations of random sequence 30 bp ds DNA (10
mM), high concentrations of 20 nt random sequence ss DNA
(0.1 mM), and 2.5 mM EGTA protected the thrombin beacon
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from degradation in the presence of cellular extracts without
significantly affecting the response of the beacon to thrombin.
Data shown in FIG. 23B were obtained in the presence of the
above additives.

Since thrombin is a plasma protein, we determined if the
beacon could be used to detect the protein in plasma. All of the
thrombin in plasma is present in a precursor form, prothrom-
bin, which is converted to thrombin via proteolytic processing
by factor Xa. Prothrombin was recognized by the thrombin
beacon albeit with much reduced (>20 fold) sensitivity com-
pared to thrombin (not shown). This is well illustrated by the
experiment shown in FIG. 23C in which the sensitized accep-
tor emission of the beacon in the presence of prothrombin was
monitored as a function of time. At the point marked by the
arrow, factor Xa was added to the mixture to initiate conver-
sion of prothrombin to thrombin. This conversion resulted in
a time-dependent increase of beacon signal consistent with a
much higher sensitivity of the beacon to thrombin. Thus, in
order to detect thrombin in plasma, factor Xa was included in
the assay mixture (FIG. 23D). Adding increasing amounts of
plasma resulted in a proportional increase of beacon signal
(FI1G.23D). Addition of plasma produced a response from the
beacon only if factor Xa was present in the assay. The signal
observed upon addition of plasma could be completely abro-
gated by addition of a specific competitor (unlabeled throm-
bin aptamer) confirming that the observed signal in the cell
extract was due to thrombin. A 5 mL sample of plasma pro-
duced a measurable response of the beacon in a 20 pl reaction
volume. In summary, the experiments illustrated in FIG. 23
demonstrated functionality of the thrombin beacon for detect-
ing the protein in complex biological mixtures.

Blood-Clotting Experiments.

Experiments were designed to compare the effects on the
rate of blood clotting of a thrombin beacon and its aptamer
components. Thrombin was mixed with either a beacon or an
individual aptamer in 1 mL of assay buffer (20 mM Tris-HCl,
pH 7.4, 0.15 mM NaCl). The final concentration of thrombin
was 242 nM. After incubation at room temperature for 30
min, 45 pl. of this mixture was added to 280 uLl. of whole
blood that had been diluted 50% with assay buffer. The blood
clotting time was measured with a hand-held instrument. The
final concentration of either the beacon or each component
aptamer is shown FIG. 44. Under these assay conditions, the
beacon is about 50 times more effective than THR4 and 240
times more effective than THR3 in blocking the blood clot-
ting process induced by thrombin.

Discussion

The design of aptamer-based molecular beacons described
here is a generalization of the design of molecular beacons for
detecting sequence-specific DNA binding proteins previ-
ously developed by us (FIG. 3). Experiments with thrombin
as a model protein presented here provide proof-of-principle
evidence for the feasibility of this design. We believe this
design will have several important advantages. Since the
design of molecular beacons described here is not limited to
any specific protein, it will be generally applicable to a large
number of proteins. Signaling in the presence of the target
protein by our beacon requires a cooperative recognition of
two separate epitopes of the protein by two distinct aptamers.
This will result in an enhanced specificity of the beacon and
increased affinity (i.e. sensitivity of detection). This coopera-
tive action of two aptamers will also allow the use of aptamers
with modest affinity to produce molecular beacons binding to
target proteins with high affinity and specificity. Aptamers—
components of the beacon, do not require any engineering of
their structure to tailor their distribution of conformations to
allow “switching” between different states in the presence of
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the protein. Such engineering could be dependent on a par-
ticular sequence (structure) of the aptamer and, such balanc-
ing of the energetics of alternative conformations of nucleic
acids is not necessarily a trivial matter. Since the signaling
elements (“signaling” oligonucleotides) in the instant beacon
design are separate from its aptamer components, any
aptamer sequence (and structure) should be compatible with
our beacon design. It is also unlikely that the addition of the
“signaling” oligonucleotides will have any deleterious effect
on the affinity and specificity of the aptamer components of
the beacon. Thus, any protein for which it will be possible to
obtain two aptamers recognizing two distinct epitopes of the
protein should be a good target for developing molecular
beacons according to scheme in FIG. 3.

Antibodies recognizing distinct epitopes of the protein can
be obtained relatively easily. Similarly, there are no reasons
why aptamers recognizing distinct epitopes could not be
developed for many target proteins and several examples are
already available (Jayasena, S. D. Clinical Chem. 1999, 45,
1628-1650). Several approaches towards achieving this goal
would be possible. The first approach would be to perform in
vitro selections (SELEX) using different methods for sepa-
ration of protein-bound and unbound oligonucleotides. The
rationale here is that in these different partitioning methods
different regions of the protein could be preferentially dis-
played resulting in aptamers directed to different regions of
the protein surface. Aptamers selected to thrombin are an
example of such approach (Bock, 1992; Tasset, 1997). The
second approach could be to raise the aptamers to peptides
corresponding to different regions of the target protein mol-
ecule. Experimental evidence exists to show that such strat-
egy can be used to develop aptamers capable of recognizing
the intact protein from which the peptide used as a target for
aptamer development was derived (Wei, X.; Ellington, A. D.
Proc. Natl. Acad. Sci. USA 1996, 93, 7475-7480). Such an
approach is widely used to generate antibodies recognizing
proteins. Two aptamers recognizing different epitopes of the
protein can also be produced by a two-step sequential SELEX
in which the second step involves selecting an aptamer in the
presence of saturating concentration of the aptamer selected
in the first step. We have validated this procedure using
thrombin as a model system (Heyduk, E. and Heyduk, T.,
unpublished). Finally, we have developed a novel in vitro
selection strategy to produce pairs of aptamers specifically
designed to function in our molecular beacon design (Hey-
duk, E., Kalucka, J., Kinnear, B., Knoll, E., and Heyduk, T.,
unpublished). Thus, multiple routes to obtain pairs of aptam-
ers recognizing non-overlapping epitopes of the protein will
be available.

Example 4
Sensor Design Variations

Several variations of the instant molecular beacon are
applicable in the practice of this invention. Those variants of
the sensor design are depicted in FIG. 24 and summarized
herein (supra). The sensor design depicted in FIG. 24F is
demonstrated to effectively detect DNA binding proteins.
Upon the titration of cAMP response element binding protein
(“CRP”), which is an example of a DNA binding protein, to a
mixture of donor and acceptor labeled sensor components,
there is a concomitant increase in sensitized acceptor fluores-
cence intensity (FIG. 25B).

The sensor design depicted in FIG. 24G is demonstrated in
FIG. 26. Panel A depicts the principle of the sensor function.
Upon the addition of single stranded DNA, which contains
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two distinct sequence elements that are complementary to
elements in the sensor, to the mixture of two donor and
acceptor labeled sensor components, there is a concomitant
increase in sensitized acceptor fluorescence intensity (FIG.
26, B, line with + sign). The sensor in this particular case
contained Texas Red-labeled THR29 and THR32.

The increased specificity of the instant molecular beacon
sensor design compared to assays based on a single, target
macromolecule-recognizing element was experimentally
demonstrated (FIG. 27). Recognition of the target molecule
by the sensor involves coincidence of three molecular con-
tacts each providing a free energy (DG) contribution to the
overall stability of the complex resulting in high specificity of
target molecule recognition. Due to an exponential relation-
ship between the free energy and equilibrium dissociation
constant of the complex, the overall stability of the complex
would greatly decrease in the absence of any of the above
three molecular contacts. A nonspecific single stranded DNA
binding protein (“SSB”) at nanomolar concentrations pro-
duced a large signal (as measured by fluorescence polariza-
tion assay) with the single, fluorescein-labeled aptamer
(THR1, Table 1). SSB produced the response in a concentra-
tion range very similar to the concentration of thrombin
required to bind this aptamer. Thus, a single thrombin
aptamer exhibited very poor discrimination between SSB and
thrombin. (Panel B) Exposure of the thrombin sensor (a mix-
ture of THR21 (fluorescein-labeled) and Texas Red labeled
THR27) to nanomolar SSB concentration did not produce
any significant beacon response (dashed lines), while throm-
bin at the same concentration range produces large beacon
response (Panel C). Thus, the thrombin beacon exhibited
excellent discrimination between SSB and thrombin, illus-
trating the enhanced specificity of the beacon.

Methods for Preparing Aptamers for the Variant Sensors

The selection of an aptamer binding to thrombin at an
epitope distinct from the binding site of G15D aptamer was
performed using the SELEX procedure starting from a con-
struct containing a 33 nt random sequence (THR11) in the
presence of excess G15D aptamer-containing construct
(THR22) (FIG. 28, panel A). Panel B depicts the thrombin
binding activity of single stranded DNAs obtained after each
indicated round of selection. Measurable thrombin binding
activity appeared after the 4th selection and reached a maxi-
mum after the 12th selection. Binding was measured in the
presence of the excess of THR22. DNA obtained after the
12th selection was cloned and DNA obtained from individual
clones was sequenced. Panel C depicts the sequence align-
ment (using ClustalX) of the individual clones. Clones
obtained from 4 independent selection experiments are
shown. These selections were performed using the following
pairs of aptamer constructs and random sequence-containing
nucleic acid constructs: THR22 and THR 11; THR25 and
THR 11; THR42 and THR11; THR43 and THR 11. Several
families of highly conserved sequences are easily visible in
panel C.

A functional thrombin sensor comprising Texas Red-la-
beled THR27 and fluorescein-labeled THR35 or THR36,
which contain sequences corresponding to that of clones 20,
21,24, and 26 from FIG. 28C, is depicted in FIG. 29. THR35
and THR36 differ by the length of DNA sequence flanking the
sequence of clones 20, 21, 24, and 26. The fluorescence image
(sensitized acceptor emission) of wells of a microplate con-
taining 20 nM (panel A) or 100 nM (panel B) of the indicated
thrombin sensor and the indicated concentrations of thrombin
are shown. For comparison, a sensor comprising THR21 and
THR27 is shown.
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FIG. 30 depicts the results of simultaneously selecting two
aptamers that bind to a target at distinct epitopes. The selec-
tion procedure began with two types of nucleic acid con-
structs, each containing a 30 nt random sequence (THR49 and
THR50) (Table 1), and the target thrombin (panel A). Five
mM of THR49 was added to 5 mM THRS50 in a total of 1 mL
of buffer (50 mM Tris-HCI (pH 7.5), 100 mM NaCl, 5 mM
KCl and 1 mM MgCl,). The mixture was boiled for approxi-
mately 1 min, and allowed to cool to room temperature (RT).
Thrombin (200 nM) was added, and the mixture was incu-
bated for 15-30 min at RT. Next, the mixture was spun
through a nitrocellulose filter (NCF), followed by 2 washes of
1 mL and a single wash of 0.5 mL.. Pre-warmed urea (200 pL.
of 7M solution containing 1M NaCl) was loaded on the NCF,
and incubated for 15 min at 37° C. The DNA/urea mixture
was eluted, and the DNA was precipitated with ethanol
(added cold ethanol (2.5x the volume of eluted DNA) and
incubated for at least two hours at —20° C.). The precipitated
DNA was centrifuged, the supernatant removed, and the sub-
sequent pellet was dried in a speed-vac. The pellet was re-
dissolved in 20 pl. of water, and used as a template for the
PCR reaction.

Each PCR reaction contained 80 pL of dd H,O, 10 pL
10xPCR buffer, 6 ulL of MgCl,, 0.8 ulL 25 mM dNTPs, 1 pl.
50 uM primer 1 (modified with fluorescein), 1 pul. 50 uM
primer 2 (biotinylated), 0.5 ul. Taq polymerase, and 1 uL. of
template. Two different sets of PCR reactions were performed
corresponding to the two different types of nucleic acid con-
structs used (THR 49 and THR 50). The reaction cycle con-
sisted of 5 min at 95° C., sixteen cycles of 30 s at 95° C., 30
s at 50° C., and 1 min at 72° C., and 5 min at 72° C. The
samples were allowed to cool, and subsequently separated on
apolyacrylamide gel. The band(s) of interest were visualized
by utilizing the fluorescein tag, and were excised from the gel.
The gel pieces were transferred to a microtube and crushed
using a pipette tip. The gel pieces were covered with diffusion
buffer (100 mM Tris (pH 8.0), 0.5 M NaCl, 5 mM EDTA) and
the mixture was incubated for at least two hours at 50° C.
After centrifugation the supernatant was filtered through an
empty Bio-Rad microspin column. The gel pieces were
washed with fresh diffusion buffer, and the process repeated
for a second time. The supernatants from the first and second
procedures were combined.

Pre-equilibrated (1 M NaCl, 50 mM Tris (pH 8.0), and 1
mM EDTA) DYNAL magnetic streptavidin beads were
mixed with the gel-purified DNA, and incubated at RT for 30
min with constant shaking. The supernatant was removed,
and the beads were washed once with 500 ul, once with 250
ul, and once with 100 ul. of buffer. Next, the beads were
incubated for 30 min at 37° C. with 50 pLL of 0.15N NaOH.
The supernatant containing the fluorescein labeled DNA was
removed and filtered through a G-25 Sephadex microspin
column pre-equilibrated with buffer. The estimated concen-
tration of the recovered DNA was calculated by comparison
to a known amount of fluorescein-labeled primer.

The second round of selection began by combining 50 nM
of'the recovered DNA and 50-1000 nM of THR22 in a total of
50 uL of selection buffer. The DNA mixture was boiled for 1
min, and allowed to cool to RT. Subsequently, the DNA
mixture was filtered through a pre-equilibrated NCF to
remove DNA sequences with affinity for the NCF. Thrombin
(20 nM) was added to the filtered DNA and the mixture was
incubated for 15-10 min at RT. Next, the mixture was spun
through another pre-equilibrated NCF, followed by two
washes of 100 pL.. After incubation with 100 uL of urea (7M
in a buffer of 1M NaCl) for 15 min at 37° C., the DNA-
thrombin complexes were eluted from the NCF. The DNA in
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the eluted solution was precipitated with alcohol (see above)
and re-suspended in 20 pl. of water. This was used as a
template for the PCR reaction. PCR products were purified by
electrophoresis on a polyacrylamide gel and the single-
stranded DNA was obtained from purified PCR products as
described above for the first selection. Subsequent selections
were repeated until the detected thrombin-binding activity
reached a maximum (FIG. 30B).

The thrombin-binding activity of the mixture of single-
stranded DNAs obtained after each indicated round of selec-
tion is shown in panel B. Measurable thrombin-binding activ-
ity appeared after the 8th selection and reached a maximum
after the 13th selection. DNA obtained after the 13th selection
was cloned and the DNA from individual clones was
sequenced. Panel C depicts the sequence alignment (using
ClustalX) of the clones. Several families of highly conserved
sequences are easily visible.

Aptamer-based molecular beacons were developed for
cAMP response element binding protein (“CRP”). Aptamers
were selected to bind at sites distinct from the DNA binding
site of the protein. Selection was performed using the SELEX
procedure starting from a construct containing a 33 nucle-
otide random sequence (MIS12) in the presence of excess of
CRP binding site-containing construct (MIS10X3 hybridized
with MIS11) (FIG. 31, panel A). CRP binding activity of
single stranded DNA that was obtained after indicated round
of'selection is depicted in FIG. 31, panel B. Measurable CRP
binding activity appeared after 6th selection and reached
maximum after 12th selection. Binding was measured in the
presence of excess MIS10X3 hybridized with MIS11. DNA
obtained after 12th selection was cloned and DNA obtained
from the individual clones were sequenced. The sequence
alignment (using ClustalX) of the clones is depicted in panel
C. Conserved core sequence of ~16 nucleotides could be
identified.

Example 5
Sensors Employing Antibodies

There are several sensor configurations that employ anti-
bodies as epitope binding agents. FIG. 24, panels D and E,
illustrate two possibilities. Preliminary experiments using a
simple model system were performed with the molecular
biosensor design shown in FIG. 24D. This model system
(FIG. 34A) consists of an anti-biotin antibody, biotin-labeled
CRP protein (biotin attached at a single-cysteine residue at
the N-terminal of the protein), and a DNA molecule contain-
ing a CRP binding site. A short signaling oligo labeled with
Cy5 was attached via a long flexible linker to the DNA mol-
ecule containing the CRP binding site. Then, the anti-biotin
antibody was conjugated to a short signaling oligo labeled
with fluorescein. (See below for more details on the method of
conjugation.) When CRP-biotin was added to a mixture of the
anti-biotin antibody and the CRP DNA, a FRET (Fluores-
cence Resonance Energy Transfer signal is generated, vali-
dating the ability of the labeled antibody to function within
the molecular biosensor design.

The signal (FRET from fluorescein to Cy5) increased with
increasing CRP-biotin concentration (up to ~40 nM), consis-
tent with the ~50 nM concentration of beacon components
used (FIG. 34B). The signal was specific as essentially no
FRET increase was observed when CRP-biotin was added in
the absence of cAMP (which is required for CRP-DNA inter-
action) (FIG. 34C) or when excess of streptavidin (which will
block antibody binding) was present (FIG. 34C).
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The FRET measurements were performed in 384-well
low-volume microplates (Corning) in 20 mM Tris (pH 8.0),
100 mM NaCl, 10 M EDTA buffer. Fluorescence intensities
were measured using a Tecan Spectrofiuor Plus fluorescence
plate reader. A 20 1 mixture of 50 nM anti-biotin antibody
(Sigma) conjugated to the fluorescein-labeled ANTBS (see
Table 1) signaling oligo and 50 nM CyS5-labeled BICAP/
ANTB7 DNA duplex (Table 1) were titrated with increasing
concentration of biotinylated cAMP receptor protein (CRP)
in the presence of 200 M cAMP (FIG. 34B). Specificity
control experiments (FIG. 34C) were performed with 20 1
mixture of 50 nM anti-biotin antibody conjugated to fluores-
cein-labeled ANTBS (Table 1) signaling oligonucleotide, 50
nM Cy5-labeled BICAP/ANTB7 DNA duplex (Table 1), and
100 nM biotinylated CRP. Streptavidin and cAMP, when
used, were present at 1 M and 200 uM respectively.

CRP that was biotinylated at a single site was obtained by
reacting mutant CRP containing a single reactive cysteine at
its N-terminus with maleimide PEO2-EZ-link-biotin
(Pierce). A 100 pl sample of ~15 uM CRP was incubated with
0.1 mM DTT for 30 min at room temperature. Excess DTT
was removed on a ZEBA spin column equilibrated with 20
mM NaH,PO, (pH 7.4) buffer containing 0.15 M NaCl and
2.5mM EDTA. Reduced CRP was then reacted with a 20 fold
molar excess of maleimide PEO2-EZ-link-biotin in 20 mM
NaH,PO, (pH 7.4) buffer containing 0.15 M NaCl and 2.5
mM EDTA for 2 hrs at room temperature. Excess unreacted
biotin reagent was removed on a ZEBA spin column equili-
brated with 20 mM Tris (pH 8.0), 100 mM NaCl, 10 uM
EDTA buffer.

Another possible antibody based biosensor design
employs two antibodies recognizing two distinct epitopes of
the target protein (FIG. 24E). Each of the antibodies is con-
jugated, via a long flexible linker, to a fluorophore-labeled
signaling oligo. In the presence of the target molecule both
antibodies will bind to the target molecule resulting in a great
increase of the local concentration of signaling oligos. This in
turn leads to annealing of the oligos, which brings the fluo-
rophores into close proximity, allowing generation of a FRET
signal.

This sensor design was used in the experiments represented
by FIG. 35. An example of the model system is shown in FI1G.
35A. Anti-biotin and anti-digoxin antibodies were labeled
with complementary 7 nt signaling oligos via long flexible
linkers. The complementary signaling oligos contained fluo-
rescein and Cy5, respectively. As a mimic of a target macro-
molecule with two epitopes, a short (30 bp) duplex DNA
labeled on opposite ends with biotin and digoxin was used

When biotin and digoxin-labeled DNA duplex was added
to a mixture of labeled anti-biotin and anti-digoxin antibod-
ies, a dose-dependent FRET signal was observed until the
saturation point where more or less equal molar amounts of
biot-DNA-dig and antibodies were present in the mix (FIG.
35B). FRET signal in the presence of dig-DNA-biot was
specific since no FRET signal was observed when DNA
labeled with biotin-only or with digoxin-only were added to
the mixture of labeled antibodies (FIG. 35C).

The FRET measurements were performed in 384-well
low-volume microplates (Corning) in 20 mM Tris (pH 8.0),
100 mM NaCl, 10 uM EDTA buffer. Fluorescence intensities
were measured using a Tecan Spectrofiuor Plus fluorescence
plate reader. A 20 ul sample containing 25 nM anti-biotin
antibody conjugated with fluorescein-labeled ANTBS (Table
1) signaling oligonucleotide and 30 nM anti-digoxin antibody
(Jackson ImmunoResearch) conjugated with Cy5-labeled
ANTBG6 (Table 1) signaling oligonucleotide was titrated with
increasing concentrations of biotin and digoxin-labeled DNA
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duplex (obtained by annealing ANTB9 and ANTB7 oligos,
see Table 1) (FIG. 35B). Specificity control experiments
(FIG. 35C) were performed with a 20 pl mixture of 25 nM
anti-biotin antibody conjugated to fluorescein-labeled
ANTBS8 (Table 1) signaling oligonucleotide and 37.5 nM
anti-digoxin antibody conjugated with CyS-labeled ANTB6
(Table 1) signaling oligonucleotide. To this mixture 50 nM
biotin and digoxin-labeled DNA duplex, 1 uM biotin-only
DNA (ANTB9, see Table 1), or 1 uM digoxin-only DNA
(ANTB7DIG, see Table 1) were added (FIG. 35C).
Conjugation of Signaling Oligos to Antibodies

Signaling oligos were conjugated to antibodies by
crosslinking the amino group at the end of the oligo with a
free —SH group introduced into the antibody. Signaling oli-
gos were synthesized with an amino group at the 5' end, and
with a fluorescent probe or a —S—S— group at the 3' end.
When a fluorescent label was introduced at the 3' end of the
oligo during synthesis, maleimide addition to the 5' end could
be performed immediately. When the —S—S— group was
present at the 3' end, it was first reduced to free —SH and then
modified with a sulthydryl-reactive fluorescent probe. The
—S—S8— group of the oligo was reduced to a free —SH
group by incubating 50 ul of ~2 mM oligonucleotide in 50
mM DTT for 5 hrs at room temperature followed by overnight
incubation at4°. Excess DTT was removed by two successive
Sephadex G-25 spin column purifications. The columns were
equilibrated with 0.1 M NaHCOj; buffer (pH 8.3). Five molar
excess of fluorescein maleimide (Molecular Probes) dis-
solved in DMF were added and the sample was incubated 2-3
hrs at room temperature. Excess fluorescein maleimide was
removed on Sephadex G-25 spin column equilibrated with
0.1 M NaHCOj; buffer (pH 8.3). A malemide group was added
to the 5' end of the construct by adding 10 molar excess of
SMCC (Pierce) dissolved in DMF. The reaction was allowed
to continue for 2 hrs at room temperature and was loaded on
a 150x4.1 mm 5 pm PRP-1 reverse phase column (Hamilton)
equilibrated in buffer “A” (25 mM TAA Buffer, 2% acetoni-
trile). Labeled oligos were eluted at 1 ml/min with a gradient
of 0 to 90% 25 mM TAA, 95% acetonitrile buffer. The frac-
tions containing purified SMCC and fluorescein-labeled oli-
gonucleotide were pooled and dried by Speed-Vac. They
were stored dry at —20° until needed.

Free —SH groups were introduced to the antibody by
treating 100 pl of the antibody at ~5 mg/ml in 20 mM
NaH,PO, (pH 7.4) buffer containing 0.15 M NaCl and 2.5
mM EDTA with 50 molar excess of Traut’s reagent (Pierce)
for 1.5 hrs at room temperature. Excess unreacted Traut’s
reagent was removed on a ZEBA spin column (Pierce) equili-
brated with the phosphate buffer described above. A 7-8
molar excess of SMCC-labeled signaling oligos were added
and the mixture was incubated for 6 hrs at room temperature
followed by overnight incubation at 4°. Excess unreacted
oligonucleotide was removed by chromatography on a 1 ml
Protein A-HP Sepharose column (Pharmacia). The column
was equilibrated with 0.1 M Tris (pH 8.0). A 100 pl reaction
mixture was diluted to 500 pL with 0.1 M Tris (pH 8.0) and
loaded on the column. The column was washed with 5 ml of
0.1 M Tris (pH 8.0). Antibodies conjugated to the oligonucle-
otide were eluted with 100 mM glycine (pH 3.0). Fractions
(0.5 ml) were collected in tubes containing 100 pl of 1M Tris
(pH 8.0). Fractions containing antibodies conjugated to the
oligonucleotide were pooled and dialyzed overnight with 20
mM Tris (pH 8.0), 100 mM NaCl and 10 uM EDTA. Analysis
on a native polyacrylamide gel revealed that the final product
was a mixture of unlabeled antibodies, antibodies labeled
with one oligonucleotide, and antibodies labeled with more
then one oligonucleotide. While these three species could be
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resolved on a 1 ml Resource Q column (Pharmacia), in this
experiment the pooled fractions from Protein A Sepharose
were used.
Molecular Biosensor for Troponin |

In addition to the above model system, a sensor of the
design illustrated in F1G. 24E will be created to detect human
troponin 1. Troponin is a protein whose serum concentration
has been linked to evidence of an acute myocardial infarction.
A pair of cardiac troponin I antibodies (anti-cardiac troponin
monoclonal antibodies clones M18 and MF4 from RDI) will
be conjugated to fluorescein and Cy-5 labeled complemen-
tary signaling oligos. This particular pair of antibodies have
successfully been used in ELISA analyses. Seven nt long
ANTBG6 (Table 1) and ANTBS (Table 1) signaling oligo con-
structs, which we used to obtain the data described above, will
be used. The antibodies will be labeled and purified as
described above. A 20 pl mixture of 50 nM of each labeled
antibody will be titrated with 0-100 nM of purified troponin I
(recombinant human cardiac troponin I, cat #: 344122352,
BiosPacific). Fluorescence intensity at 670 nM (CyS5 emis-
sion) with the excitation at 490 nm (fluorescein excitation)
will be measured using a Spectrofluor Plus fluorescence plate
reader (Tecan). Incubation time necessary for the maximum
FRET signal will be established by measuring the FRET
signal over time after addition of a fixed troponin I concen-
tration. Negative controls will involve an analogous titration
using an antibody conjugated with a fluorescein-labeled sig-
naling oligonucleotide paired with unlabeled second anti-
body (donor-only control) and an analogous titration using an
antibody conjugated with a CyS5-labeled signaling oligo-
nucleotide paired with unlabeled second antibody (acceptor-
only control). To show that the FRET signal is specific for
troponin, the FRET signal of the molecular biosensor for
troponin will be determined in the presence of 50, 250 and
1250 nM concentrations of bovine serum albumin, rabbit
skeletal muscle troponin C, and human skeletal muscle tropo-
nin 1. A cardiac troponin concentration-dependent increase in
FRET signal will be observed when both labeled antibodies
are present and no signal will be observed with donor-only,
acceptor only, BSA, and skeletal troponin controls.
Optimal Concentrations of Antibodies

The concentration of labeled antibodies will have a signifi-
cant effect on the signal-to-background ratio and the sensi-
tivity of the assay. The 50 nM concentrations of antibodies
used in the initial experiments are starting points, but are not
necessarily optimal concentrations. L.owering the concentra-
tions of antibodies could allow detection of lower concentra-
tions of the target protein because a larger fraction of the total
concentration of the antibodies could be present in a FRET-
producing ternary complex with the target protein. On the
other hand, lowering the concentration of antibodies could
result in a decrease of the amount of ternary complex (due to
mass action law) and consequently result in low fluorescence
intensity causing poor signal-to-background ratio. The opti-
mal concentration of labeled antibodies will be driven by a
compromise between these sometimes opposing effects of
labeled-antibody concentration. Thus, the FRET signals gen-
erated by 0.2 nM, 1 nM, 5 nM and 25 nM cardiac troponin will
be compared using molecular biosensor reaction mixtures
containing variable concentrations of fluorescein and Cy5-
labeled antibodies (in 1-100 nM range). Signal-to-back-
ground ratios will be determined for each reaction condition
and will be used to establish optimal concentrations of
labeled antibodies. Depending on what is found to be the
optimal antibody concentration, it may also be necessary to
adjust the length of the complementary signaling oligos. For
example, if very low concentrations of antibodies are optimal,
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the length of the complementary signaling oligos could be
increased to 8 bp since at these low concentrations even 8 bp
oligos will not anneal significantly in the absence of the target
protein while the increased length of oligos will result in the
increased stability of the ternary complex.
Optimal Number of Signaling Oligos Per Antibody

The experimental procedure used to attach signaling oligos
to antibodies described above produces a heterogeneous
preparation containing unlabeled antibody, antibody labeled
with a single signaling oligonucleotide, and antibody labeled
with multiple signaling oligos (FIG. 36). While this hetero-
geneously labeled antibody preparation has performed well
in other molecular biosensors, the performance of a molecu-
lar biosensor may be improved through the use of a more
homogenous labeled antibody preparation. Labeled antibody
preps can be further purified on Resource Q columns result-
ing in separate fractions containing antibody labeled with a
single signaling oligonucleotide and multiple signaling oli-
gos. Samples of labeled troponin antibodies will be passed
over Resource Q columns to obtain homogenous preparations
of'these antibodies labeled with one or more signaling oligos.
Then FRET signals generated by 0.2 nM, 1 nM, 5 nM and 25
nM cardiac troponin will be compared using molecular bio-
sensors prepared from the above homogeneous preps of
labeled antibodies. Antibodies will be used at their optimal
concentrations.
Optimal Length of Flexible Linker

Antibodies are significantly larger than aptamers. There-
fore, it is likely that the optimal linker length in the case of
antibodies will be longer. Thus, the pair of troponin antibod-
ies will be labeled with variants of ANTB6 (Table 1) and
ANTBS (Table 1) signaling oligos containing 10, 15 and 20
Spacer18 units (corresponding to total linker lengths of ~200
A, ~300 A, and ~400 A). The FRET signals generated by 0.2
nM, 1 nM, 5 nM and 25 nM cardiac troponin will be com-
pared using molecular biosensors prepared from labeled anti-
body pairs containing the above variants of linker length. The
linker length that produces the best FRET signal is the opti-
mal length.
Comparison Between Entire Antibody Vs Antibody Frag-
ments

Molecular biosensors can also be comprised of antibody
fragments. The smaller size of the antibody fragments can
reduce the possibility of steric hinderance due to the bulky
antibody molecules (i.e., the smaller fragments might make it
easier for the signaling oligos to anneal). Additionally, the use
of'monovalent antibody fragments could provide a solution to
any difficulties encountered from the multivalent nature of the
intact antibodies. To investigate these issues F(ab), and Fab
fragments of signaling oligo-labeled cardiac troponin anti-
bodies will be prepared using a ImmunoPure IgG1 Fab and
F(ab') Preparation Kit from Pierce. This kit has already been
tested for preparing fragments of anti-biotin antibody with
excellent results (data not shown). The fragments will be
labeled with ANTBG6 (Table 1) and ANTBS (Table 1) signal-
ing oligos. The FRET signals generated by 0.2 nM, 1 nM, 5
nM and 25 nM cardiac troponin will be compared using a
molecular biosensor prepared from labeled antibody frag-
ment pairs with the signals obtained with intact antibodies.
Comparison Between FRET and LRET Signal Detection

Preliminary experiments were performed with a comple-
mentary pair of signaling oligos labeled with fluorescein and
CyS5. These two probes were selected because of the very low
background signal in the absence of FRET (direct excitation
of Cy5 at the 480 nm used for excitation of fluorescein is
minimal and residual fluorescein emission at 670 nm is also
very low). The performance of various donor-acceptor probes
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for FRET signaling in a molecular beacon for thrombin have
previously been compared (FIG. 37). These data indicated
that the fluororescein/Cy5S pair produced the best signal
among commonly used fluorescence probes. However, an
even better signal could be obtained when the Eu3+/Cy5 pair
was used with time-resolved gated signal acquisition (FIG.
37). Lanthanide chelates have been shown to offer significant
advantages as donor labels in homogenous assays based on
energy transtfer. Long luminescence life-times of these probes
allow elimination of the background derived from light scat-
tering and direct excitation of the acceptor, which can signifi-
cantly improve signal-to-background ratio. An additional
benefit of using lanthanide chelate labels is that it is possible
to use molar excess of the acceptor-labeled molecules (which
widens the range of labeled antibody concentrations which
can be used in the assay) since gated signal acquisition elimi-
nates the background due to directly excited acceptor. Ver-
sions of ANTB6 (Table 1) and ANTBS8 (Table 1) signaling
oligos labeled with europium chelate and Cy5, respectively,
will be prepared. LRET (lanthanide-based resonance energy
transfer) signals generated by 0.2 nM, 1 nM, 5nM and 25 nM
will be measured using molecular biosensors prepared from
Eu3+/Cy5-labeled antibody and compare these signals to
FRET signals obtained with fluorescein/CyS5 labeled anti-
body pair under identical experimental conditions. It is
expected that the use of Eu3+/Cy5 donor-acceptor pair will
produce better signals and will result in improved sensitivity
compared to fluorescein/CyS5 pair.

Competition-Based Sensor

FIG. 38 illustrates another variant of the molecular biosen-
sor, which requires only a single antibody. This design is
based on competition between a signaling oligo-labeled pep-
tide corresponding to the target protein epitope and the target
protein. In the absence of the target protein the antibody and
the peptide will form a complex, and the signaling oligos will
anneal, producing a FRET signal. When the target protein is
present, it will compete for antibody binding with the signal-
ing oligonucleotide-labeled peptide resulting in a decreased
FRET signal. The attractive feature of this sensor variant is
that only a single antibody recognizing a defined solvent-
exposed peptide epitope will be required. Thus, this design
could be applied in situations where a pair of antibodies
recognizing two distinct epitopes of the target molecular
would be unavailable.

A Cy5-labeled construct containing a short signaling oli-
gonucleotide attached to a long flexible linker modified with
biotin at its end (ANTB6BIOT, see Table 1) was made and
used with labeled anti-biotin antibody. Upon mixing of this
construct with the anti-biotin antibody construct a large
FRET signal (~5 fold increase) was observed (FIG. 39B).
When the same experiment was performed in the presence of
increasing amounts of the competitor (unrelated biotin-la-
beled oligonucleotide), a dose-dependent decrease in the
FRET signal was observed (FIG. 39B) allowing for the detec-
tion of the unlabeled competitor.

The measurements were performed in 384-well low-vol-
ume microplates (Corning) in 20 mM Tris (pH 8.0), 100 mM
NaCl, 10 uM EDTA buffer. A 20 pl sample containing 50 nM
anti-biotin antibody conjugated with fluorescein-labeled
ANTBS (Table 1) signaling oligonucleotide and 50 nM Cy5-
labeled and biotin-labeled ANTB6 (Table 1) signaling oligo-
nucleotide was titrated with increasing concentration of
biotin-labeled competitor oligonucleotide (TIRF2, see Table
D).

The relative affinity of the target protein and the isolated
epitope peptide for the antibody will be an important factor in
determining the behavior of a competitive molecular biosen-
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sor. In most cases, the affinity of the isolated peptide is
expected to be much lower in comparison to the affinity of the
intact target protein. This is beneficial for the assay design
because the signaling oligonucleotide attached to the peptide
via a flexible linker will increase the affinity of the peptide for
the antibody (10-10,000 times; Tian and Heyduk, unpub-
lished). The increased affinity is due to the additional favor-
able free energy (from the hybridization of signaling oligos)
contributing to the stability of the ternary complex. Thus,
even if the affinity of the isolated peptide is low, it will most
likely be usable due to the increase in affinity provided by the
oligonucleotide hybridization energy. Additionally, the affin-
ity of the peptide-signaling oligonucleotide conjugate can be
tuned to match the need for optimal assay performance by
manipulating peptide sequence and/or the length of signaling
oligonucleotide.
Competitive Molecular Biosensor for Cardiac Troponin I

The peptide MADGSSDAAREPRPAC (SEQIDNO: 135)
(corresponding to residues 1-15 of human cardiac troponin
plus an additional C-terminal cysteine added to facilitate
attachment to a signaling oligonucleotide) will be coupled
with a Cy5-labeled ANTBS (Table 1) signaling oligo using a
SMCC crosslinking reaction in a manner analogous to the
procedure described above for attaching signaling oligos to
antibodies. The peptide-oligo conjugate will be purified by
reverse phase HPLC and the identity of the product will be
confirmed by MALDI mass spectroscopy. Goat anti-troponin
1 polyclonal antibody (cat #G-131-C, BiosPacific) will be
conjugated with fluorescein-labeled ANTB6 (Table 1) signal-
ing oligo. This affinity purified antibody has been raised using
the above synthetic peptide as an antigen. The FRET signal
generated upon mixing 50 nM ANTBS-peptide conjugate
with 50 nM ANTB6-1abeled antibody will be determined. A
large FRET signal resulting from binding the peptide to the
antibody is expected. In addition, different peptide-antibody
pairs may be explored (three more such pairs are available
from BiosPacific). Once a suitable peptide-antibody pair is
identified, the troponin concentration dependent decrease of
FRET signal due to competition between the peptide and
troponin will be observed. A 20 pl mixture of antibody-sig-
naling oligonucleotide conjugate and peptide-signaling oli-
gonucleotide conjugate will be titrated with 0-100 nM of
purified troponin I. Fluorescence intensity at 670 nM (Cy5
emission) with the excitation at 490 nm (fluorescein excita-
tion) will be measured using a Spectrofluor Plus fluorescence
plate reader (Tecan). The necessary incubation time will be
established by measuring the FRET signal over time after
addition of a fixed concentration of troponin 1. To show that
the decrease of FRET signal is specific for troponin, we will
determine the FRET signal of the competitive molecular bio-
sensor for troponin in the presence of 50, 250 and 1250 nM
concentrations of bovine serum albumin, rabbit skeletal
muscle troponin C and human skeletal muscle troponin 1. We
expectto observe a cardiac troponin concentration-dependent
decrease in FRET and no change in FRET signal with BSA
and skeletal troponins.
Another Competition-Based Assay

FIG. 40 illustrates another variant of a competition-based
assay. This assay again utilizes a biosensor comprising two
epitope binding agent constructs. Each construct has an
epitope binding agent attached via a flexible linker to a sig-
naling oligo. When the epitope binding agent constructs are in
solution with an antibody that recognizes the epitope binding
agents, the signaling oligos anneal, producing a FRET signal
(FIG. 40). When free antigen is introduced to the solution, the
free antigen competes for the antibody binding with the sen-
sor. Without the antibody to hold the epitope binding agents in
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close proximity, the signaling oligos fall apart, resulting in a
detectable decrease in FRET. Subsequently, the addition of
the competitor can be tracked by the corresponding decrease
in FRET signal.

FIG. 41 shows a specific embodiment of the competition-
based sensor illustrated in FIG. 40. In FIG. 41, the epitope
binding agents are solvent-exposed peptide fragments of a
protein. When the anti-protein antibody is present, the signal-
ing oligos anneal, producing a FRET signal. When competing
protein is added, however, the protein competes with the
sensor for antibody binding. Without the antibody to hold the
epitope binding agents in close proximity, the signaling oli-
gos fall apart, resulting in a detectable decrease in FRET.

A specific example of this type of competition-based sen-
sor is illustrated in FIG. 42A. Here, biotin is used as the
epitope binding agent, and the antibody is an anti-biotin Ab.
When increasing amounts of the Ab are added to a solution
comprising the epitope binding agent constructs, an increase
in FRET signal is observed (FIG. 42B). This is due to the
annealing of the signaling oligos resulting from the antibody
bringing the epitope binding agents into close proximity.
FIGS. 43 A and B confirm that in the presence of'a competitor,
here biotin, the FRET signal is diminished.

Relative Affinity of the Epitope-Containing Peptide-Signal-
ing Oligonucleotide Conjugate

The ratio of the affinity of the peptide-oligonucleotide con-
jugate and the intact protein for the antibody will be one of the
most important parameters for the performance of the com-
petitive molecular biosensor. Ideally, the affinity of the pep-
tide-oligo conjugate should be lower than the affinity of the
target protein to allow effective competition. However, it is
difficult to predict the optimal ratio of these affinities. Thus
this ratio will be determined experimentally. The relative
affinity of the peptide and the protein for the antibody will be
measured using surface plasmon resonance. The affinity of'a
series of peptide variants with mutations at various positions
will also be measured. The affinity of these mutant peptides
should be differentially altered depending on the importance
of a particular mutated residue for the overall affinity of the
peptide. Thus, a series of peptides of varying relative affinity
for the antibody will be obtained. The performance of these
peptides in a competitive molecular biosensor will be com-
pared to learn about the sensitivity of the assay performance
to the affinity ratio and to learn about the minimal value of this
ratio necessary for preparing a functioning competitive
molecular biosensor.

Molecular Biosensor for p53 Protein

A biosensor comprising an antibody and a DNA molecule
containing a protein binding site (as shown FIG. 24D) was
made to detect p53 protein. The sensor comprised a double-
stranded DNA molecule containing a p53 binding site and an
anti-p53 antibody (the design is shown in FIG. 45A). The
anti-p53 antibody was linked to a fluorescein-labeled signal-
ing oligonucleotide and the ds DNA containing the p53 bind-
ing site was linked to a CyS5-labeled signaling oligonucle-
otide. 20 pl samples of the sensor components (at 10 nM)
were incubated with varying concentrations (0-80 nM) of
full-length recombinant p53, and the FRET signal (emission
at 656 nm with excitation at 485 nm) was read in 384 well
plates, as described above. The FRET signal increased with
increasing concentrations of p53 protein (FIG. 45A). The
FRET signal in the presence of 20 nM p53 was reduced by
100 nM of a specific competitor (ds DNA containing p53
binding site), but not affected by 100 nM of a nonspecific
competitor (ds DNA of an unrelated sequence) (FIG. 45B).
These data support the utility of this type of two-component
biosensor.
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Molecular Biosensor for Cardiac Troponin I

A biosensor comprising two antibodies that recognize dis-
tinct and nonoverlapping epitopes of a protein (see FIG. 24E)
was constructed for cardiac troponin I (see schematic in FIG.
46). Monoclonal antibodies MF4 and MI8 (RDI, Concord,
Mass.) where modified with signaling oligonucleotides
labeled with fluorescein and CyS5, respectively. Sensor com-
ponents were mixed at a concentration of 50 nM in 20 mM
Tris pH 8.0, 100 mM NaCl, 10 uM EDTA. Cardiac Troponin
complex containing troponin [ at varying concentrations
(0-20 nM) was then added. The mixes were incubated 1 hour
atroom temperature and the FRET signal (emission at 665 nm
with excitation at 485 nm) was read in 384 well plates. The
FRET signal was linear to 10 nM troponin I and then began to
plateau (FIG. 46).

The response of the troponin sensor was examined at vari-
ous concentrations of sensor components. Sensor compo-
nents at 3 nM, 10nM, 20 nM, 50 nM, and 100 nM were mixed
in 20 mM Tris pH 8.0, 100 mM NaCl, 10 uM EDTA, and 0.2
mg/mL BSA. Cardiac troponin complex containing troponin
1 (Ctnl) at various concentrations (0-25 nM) was then added,
and the mix was incubated for 1 hour at room temperature.
Assays were performed in a 384 well black plate. FRET
signal at 665 nm with the excitation at 485 nm was measured
(FIG. 47). Low concentrations of the sensor components
resulted in good sensitivity at low troponin concentrations but
sub-optimal sensitivity at high troponin concentrations. Simi-
larly, high concentrations of the sensor components produce
good responses at high troponin concentrations but had low
sensitivity at low troponin concentrations. These data illus-
trate the possibility of tailoring the sensitivity of the sensor to
a desired range of target concentrations.

Competitive Sensor for Cardiac Troponin I

A competitive sensor for cardiac troponin I (CTnl) was
constructed and tested. The sensor comprised two compo-
nents: the N-terminal (residues 1 to 15) CTnl peptide conju-
gated to a fluorescein labeled signaling oligonucleotide and
the N-terminal CTnl peptide conjugated to a Cy5 labeled
signaling oligonucleotide (as diagrammed in FIG. 48). Mix-
tures of the sensor components (at 50 nM) were titrated with
an anti-troponin antibody (G-131-C affinity purified goat
polyclonal antibody against the N-terminus of cardiac tropo-
nin I, BiosPacific, Emeryville, Calif.). The FRET signal (at
665 nm with the excitation at 485 nm) increased with increas-
ing concentrations (0-80 nM) of the antibody (FIG. 48A),
indicating that the oligos of the sensor had annealed. Unla-
beled N-terminal CTnl peptide competed for antibody bind-
ing (FIG. 48A inset). The intact CTnl protein successfully
competed for the biosensor. Increasing concentration of the
intact CTnl protein (0-100 nM) reduced the FRET signal
generated with the antibody and 20 nM of the sensor compo-
nents (FIG. 48B).

Example 6
Three-Component Sensors

FIG. 49 diagrams the two-component and the three-com-
ponent sensor designs. In the two-component design (A) the
two signaling oligonucleotides are complementary to each
other. When the S1 and S2 sensor components bind to the
target, the resulting proximity (high local concentration) of
the signaling oligonucleotides induces their hybridization
and a proximity-dependent signal (for example, FRET) is
generated. In the three-component design (B), the two signal-
ing oligonucleotides are not complementary to each other but
are complementary to the two segments on the third sensor
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component (S3). When S1 and S2 sensor components bind to
the target, the resulting complex has a much higher affinity to
bind (hybridize) to S3 compared to the individual S1 or S2
components in the absence of the target. This is because in
such complexes both S1 and S2 are near each other (increased
local concentration) and, thus, cooperate in binding to S3.
Simultaneous binding of S1 and S2 to the same molecule of
S3 generates a proximity-dependent signal (for example,
FRET).

Response of a Three-Component Sensor

The sensor components (S1 and S2) that recognized the
target (T) each comprised a 12 nt oligonucleotide. The target
was a single-stranded oligonucleotide with complementarity
to both the binding oligonucleotides of S1 and S2. S1 and S2
were conjugated to europium chelate-labeled and Cy5-la-
beled signaling oligonucleotides, respectively. S3 comprised
a single-stranded oligonucleotide with complementarity to
signaling oligonucleotides of S1 and S2. The response of the
sensor was measured at S1, S2 and S3 concentrations of 10
nM, 10 nM, and 10 pM, respectively. FRET (time-resolved
LRET) was measured at 670 nm using pulsed excitation at
330 nm. Emission of Cy5 was measured with 50 psec delay.
The FRET signal of the sensor was measured at target con-
centrations of 0, 1 pM, 10 pM, 100 pM, 1 nM, and 10 nM. The
FRET signal was highest at a target concentration of 10 nM.

When the concentration of S3 is high, S1 and S2 will be
driven to bind to the S3 even in the absence of the target.
However, in the absence of the target, S1 and S2 will bind
independently, and in the presence of large excess of S3, it
will be unlikely that they will be bound by the same S3
molecules. Thus, no (or very little) FRET signal will be
observed in the absence of the target even though the great
majority of S1 and S2 could, in fact, be bound to S3 (see FIG.
51A, top). In the presence of the target, S1 and S2 will
preferentially bind S3 in a manner where both S1 and S2 are
bound by the same S3 molecule (see FIG. 51A, bottom)
generating FRET signal. One advantage of the three-compo-
nent sensor design may be that the affinity of S1 and S2 to S3
will not have to be finely tuned. A large range of affinities will
be compatible with sensor design, as long as a large excess of
S3 is used over S1 and S2. This is in contrast with the two-
component sensor, in which the affinity of S1 and S2 will need
to be designed carefully and only a narrow range of these
affinities will work.

FIG. 51B confirms these principles. The FRET signal of
the sensor in the presence of the target (T) was essentially
independent of the concentration of S3 (over several orders of
magnitude), whereas the background signal in the absence of
T (inset) decreased at high concentrations of S3. This
decrease was expected since when S3 concentration is
increased, the probability of S1 and S2 binding to the same S3
by chance is reduced.

Homogenous Signal Amplification Using a Three-Compo-
nent Sensor

A three-component system was designed in which the S3
component contained a sequence recognized by a restriction
enzyme when it is hybridized to S1 and S2 (see FIG. 52).
Although the Hinc II sequence was used, essentially any
restriction enzyme that cleaves ds DNA but is inactive on ss
DNA could be used. In this embodiment, the S1 and S2
components were not labeled with fluorescent probes.
Instead, S3 contained the fluorescent probes attached to two
complementary oligonucleotides, which in turn were
attached to S3 via flexible linkers. When the S3 component is
intact, the complementary oligonucleotides will be annealed
(generating proximity-dependent signal such as, for example,
FRET) due to the high local concentration resulting from
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their attachment to S3. In the presence of the target, S1 and S2
bind the target, and as part of a complex with the target, they
bind S3. The signaling oligonucleotides of S1 and S2 are
designed to anneal to S3 such that such that when they are
hybridized there is a gap between the two signaling oligo-
nucleotides exactly at the position where Hinc II would nor-
mally cleave the intact strand of the DNA duplex. Thus, when
Hinc 11 is present in the sample, it will cleave S3 only when it
is annealed to both S1 and S2 (i.e. when the target is present).
Upon cleavage of S3, the complex will dissociate (cleavage of
S3 will greatly decrease both the stability of the complex as
well as it will result in dissociation of the two signaling
oligonucleotides which in turn will eliminate the proximity-
dependent signal). The complex of T with S1 and S2 can now
associate with another molecule of S3 and the cleavage and
dissociation cycle could be repeated many times. This will
lead to amplification of the signal since one binding event
involving S1, S2 and T will result in multiple cleavage reac-
tions.

Proof-of-principle for the signal amplification scheme
described above is presented in FIG. 53. Cleavage of S3 by
Hinc [T was monitored by native gel electrophoresis at various
concentrations of target (T). S1 and S2 contained 12 nt oli-
gonucleotides and the target (T) used was a single-stranded
oligonucleotide complementary to the both S1 and S2. The
concentrations of S1 and S2 were 6 nM, and the concentration
of S3 was 100 nM. The reaction was carried out at room
temperature for 4 hrs (FIG. 53A) or 24 hours (FIG. 53B). The
fraction of 83 cleaved after 4 hours increased as a function of
the concentration of T (FIG. 53C). The cleavage of S3 by
Hinc II was strictly dependent on the presence of T, since
there was no significant cleavage of S3 even after 24 hrs of
incubation in the absence of T. Signal amplification was evi-
dent, for example, by the almost complete digestion of S3 in
the presence of 2.7 nM T in 4 hrs, indicating ~30-fold ampli-
fication. After a longer incubation period, complete digestion
of S3 was achieved even at 700 pM T, indicating at least
~150-fold signal amplification.

Solid-Surface Implementation of the Three-Component Bio-
sensor

The S3 component may be immobilized on a solid surface
(slides, microplate wells, beads, etc.) and the three-compo-
nent system may be used for microarray analyses. FIG. 54
diagrams an immobilized sensor system. In the presence of
the target, the S1-S2-T complex will bind to the immobilized
S3. Any surface-specific technique may then be used to detect
the S1-S2-T complex associated with the solid surface. These
would include detecting the probes attached to S1 and/or S2
after washing out the unbound components and/or using sur-
face specific real-time detection methods, such as, for
example, surface plasmon resonance (SPR) or total internal
reflection fluorescence (TIRF).

Proof-of-principle for the solid-surface implementation of
the three-component biosensor design using TIRF detection
is presented in FIG. 55. Biotinylated S3 was immobilized on
streptavidin-coated quartz slide. S1 and S2 contained 12 nt
oligonucleotides and the target (T) was a single-stranded
oligonucleotide complementary to the both S1 and S2. S1 and
S2 were Cy3 and CyS5 labeled, respectively, and were used at
concentrations of 20 nM. TIRF excitation was at 550 nm
using a commercial prism-based TIRF accessory (TIRF
Technologies, Inc., Morrisville, N.C.) for Fluorolog 3 fluo-
rometer (Jobin Yvon) and FRET emission signal was moni-
tored at 670 nm. TIRF limits the excitation to few hundred
nanometers above the surface of the slide so only the FRET
signal from S1 and S2 associated with the surface of the slide
would be detected. FIG. 55B presents FRET signals in the
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presence and absence of target (T). Injection of 10 nM of S1
and S2 in the absence of T produced a small background
FRET signal. In contrast, injection of 20 nM of S1 and S2
together with 20 nM of T produced a large FRET signal
(~10-fold over the background) indicating target-induced
association of S1 and S2 with the S3 immobilized of the slide
surface. Differences in kinetic stability of complexes in the
presence and absence of the target could be utilized to further
improve the sensor signal. In the presence of the target, the
complex associated with the surface was relatively stable.
Thus, when the slide was washed with buffer (upper arrow)
only a slow gradual decrease of the signal was observed. In
contrast, the nonspecific complex in the absence of the target
was kinetically unstable. When the slide was washed with
buffer in this case (lower arrow), nonspecific complexes rap-
idly dissociated and the background signal quickly dropped
to a value near that observed before addition of sensor com-
ponents. Thus, when signals in the presence and absence of
the target were measured shortly after switching to the buffer,
a ~30-fold signal change in the presence of T is measured
(i.e., a ~3-fold improvement). The slide was quickly regen-
erated by washing it with water, since low ionic strength
greatly destabilizes nucleic acid associations leading to rapid
dissociation of the S3 bound components.

FIG. 56 diagrams the use of the three-component biosensor
design for a microarray format of target detection. S3 oligo-
nucleotides containing sequences complementary to the pairs
of'S1 and S2 components specific for a specific target may be
spotted on a glass slide. In the presence of the targets,
S1-S2-T complexes will bind to their corresponding spots.
After washing out the unbound components, microarray
scanning will be used to detect the presence of the targets in
the sample.

Example 7
Target Antibody Detection

Detection, quantitation and imaging of diverse targets of
biomedical, environmental and biodefense relevance are of
critical importance for these fields. There is thus a continuous
need for developing new assay formats to improve speed, case
of performing the assay, cost and high-throughput capabili-
ties. We developed a family of homogenous assays for detec-
tion of a variety of targets of biomedical interest. Design of
these assays is based on a common simple biophysical prin-
ciple. In all these assays conjugates of target recognition
elements (DNA, aptamers, antibodies or peptides) with short
complementary signaling oligonucleotides (SO) are used for
detection. FIG. 57 A illustrates the principle of this assay
design using antigen-peptide based sensors for detecting anti-
bodies as an example (1). Complementary oligonucleotides
are designed such that their affinity for binding (hybridiza-
tion) is low assuring that very little annealing takes place in
the absence of the target molecule. Simultaneous binding of
recognition element-oligonucleotide conjugates to the target
results in the increase in local concentration of complemen-
tary oligonucleotides that drives their efficient annealing. Tar-
get-dependent annealing of the oligonucleotides provides
means of generating a signal that could be used for target
detection. Typically, the oligonucleotides are labeled with a
pair of fluorescence probes that could participate in Fluores-
cence Resonance Energy Transfer (FRET). Annealing of
fluorochrome-labeled oligonucleotides brings the probes into
close proximity producing target concentration dependent
FRET signal. A simple mix-and-read assay format is the main
advantage of the design depicted in FIG. 57A. This method-
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ology allows detection of antibodies with pM limits of detec-
tion, high specificity and is compatible with detection of
antibodies in serum (1, 2).

Multiplexing is a desired feature of the assays for detecting
biomolecules. Since homogenous assays according to design
in FIG. 57A can be performed in very small volumes, simple
multiplexing is possible by performing in parallel multiple
“mini” assays. However, in many cases higher level of mul-
tiplexing might be needed. For example, one of the potential
diagnostic applications for antibody detection assays will be
for profiling cancer-specific or autoimmune disease specific
autoantibodies. Autoantibodies against tumor-associated
antigens are very promising candidates for biomarkers for
early detection of cancer (3). Cancer-specific autoantibodies
have been detected in all common cancers (3). Autoantibod-
ies have been found to appear in serum several months to
years before clinical symptoms of cancer could be detected
(4-9), a finding that emphasizes their potential for early detec-
tion. Similarly, disease specific autoantibodies that have been
found in many autoimmune diseases offer great promise for
early detection and analysis of the disease. Due to the hetero-
geneous nature of cancer and autoimmunine diseases, and
due to natural variability within the population, it is unrea-
sonable to expect that a single disease related autoantibody
biomarker will have sufficient sensitivity and specificity for
practical clinical applications (3). Ample experimental evi-
dence supports the notion that detection of multiple markers
can significantly increase sensitivity and specificity of dis-
ease detection (3, 10-12) indicating that multiplexed marker
detection technology is needed.

High level of multiplexing is most easily accomplished if
the assay could be performed on solid surface. Microarray
assays and Luminex bead-based assays are two good
examples of high multiplexing allowed by solid-surface
based assay design. In this work we propose and experimen-
tally verity an alternative design of our antibody detection
assay (FIG. 57B) in which target antibody binding to antigen
peptide-oligonucleotide conjugate produces a complex with
high sequence-specific binding affinity to a single-stranded
capture oligonucleotide. In the design shown in FIG. 57B the
two signaling oligonucleotides are not complementary to
each other but instead are complementary to the two segments
on the capture oligonucleotide component (depicted in black
in the figure). When the antibody binds peptide-SO con-
structs, the resulting complex acquires high affinity for the
capture oligonucleotide. This is because the two SO’s in such
a complex are held in close proximity and thus cooperate in
binding to the capture oligonucleotide. Solid-surface based
assays utilizing the design illustrated in FIG. 57B could be
prepared by immobilizing capture oligonucleotide on the
solid surface. The unique characteristics of solid-surface
assays based on design in FIG. 57B include the fact that all
interactions with the solid surfaces are mediated by well-
understood oligonucleotide-oligonucleotide interactions.
Thus, for the detection of antibodies (and other targets)
immobilization of any protein components of the assay will
notbe necessary and only relatively easy and well-established
immobilization of oligonucleotides on solid surfaces will be
necessary. To achieve the multiplexing, for each target anti-
body a unique sequence capture oligonucleotide could be
immobilized ina discrete area of a solid support (for example,
membrane or glass slide). When a sample is contacted with
the solid support containing immobilized capture oligonucle-
otides in the presence of the mix containing appropriate
epitope peptide-SO conjugates, the antibodies present in the
sample will form complexes with corresponding peptide-SO
conjugates that will bind to the corresponding “spots” on the
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solid support (FIG. 57C). The appearance of antibody-pep-
tide-SO complexes on the surface of the solid support will
provide the mechanism for signal readout (for instance, fluo-
rescence of the labels attached to signaling oligonucleotides)
whereas physical location of the “spot” on the solid support
will provide means to determine the identity of the antibody.
We describe here results that validate the assay design
depicted in FIGS. 57 B and C and we show that this design is
not limited to antibody detection but can be also employed for
detecting other targets (such as proteins or whole bacterial
cells) using antibodies or aptamers as target recognition ele-
ment.
Materials and Methods

Materials. E. coli 0157:H7 antibody and the corresponding
heat-killed bacteria were purchased from KPL (Gaithersburg,
Md.), monoclonal anti-human CEA (cat #100046 and
100047) and polyclonal G-131-C antibody specific to first 15
aa residues of human troponin I were from BiosPacific, Inc.
(Emeryville, Calif.), anti-FLLAG (cat# F1804) and anti-biotin
(cat# B3640) antibodies were from Sigma (St. Louis, Mo.),
and monoclonal antibody to ' subunit of E. co/i RNA poly-
merase was from Neoclone (Madison, Wis.). NHS-PEO,-
maleimide, Traut’s reagent, neutravidin and neutravidin-
coated 96-well plates were from Pierce (Rockland, IlL.).
PEG4/PFB and MHPH were from Solulink (San Diego,
Calif)). The following peptides (obtained from Keck Peptide
Synthesis Facility at Yale University) were used:

P1: MADGSSDAAREPRPAC (SEQ ID NO:136); resi-
dues 1-15 of human cardiac troponin I with additional
C-terminal cysteine.

P2: CSLAELLNAGLGGS (SEQ ID NO:137); residues
1295-1417 of P' subunit of bacterial RNA polymerase
with additional N-terminal cysteine.

P3: CDYKDDDDK (SEQ ID NO:138); FLAG-tag peptide
with additional N-terminal cysteine.

The following oligonucleotides were used (obtained either

from IDT (Coralville, Iowa) or from Keck Oligonucleotide
Synthesis Facility at Yale University (New Haven, Conn.):

S31: (SEQ ID NO: 139)
ATC TAG TTG ACA CTC G
S32: (SEQ ID NO: 140)
ATC TAG TTT GAO ACT CG
S33: (SEQ ID NO: 141)

5/-biotin-TTT TTT TTT TTT GAO ACT CC TTT GAC ACT
CCT TTG ACA CTC CTT TGA CAC TCC TTT

S34: (SEQ ID NO: 142)
5/-biotin-TTT TTT TTT TTA ata tca ggT TAa tat caG
gTT Aat atc agg TTA ata tca ggA TT

S35: (SEQ ID NO: 143)
5/-biotin-TTT TTT TTT TTT gaa ctg atT TTg aac tga
tTT Tga act gat TTT gaa ctg atT TT

S36: (SEQ ID NO: 144)
5/-Biotin-TTT TTT TTT TTT GTA GAT GCG TGA CTA TTG
TAG T3’

S37: (SEQ ID NO: 145)
5/-biotin-TTT TTT TTT TTT AGA TGC GTT TAG ATG CGT
TTA GAT GCG TTT AGA TGC GTT T

Al: (SEQ ID NO: 146)
AAC (amino C6-dT)AG ATA GCC (Spacerl9),-biotin
A2: (SEQ ID NO: 147)

biotin- (Spacerl9) s-AGG TCG AG(amino C6-dT) GTC
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-continued

A3: (SEQ ID NO: 148)
5/ -amino-AAC TAG ATA-Cy5
A4 (SEQ ID NO: 149)
5/ -amino-GG TCG AGT GTC-Cy3
A5: (SEQ ID NO: 150)
5/ -amino-AGG TCG AGT GTC-Cy3
26: (SEQ ID NO: 151)
5’ amino-CCT GAT ATT T-FAM
A7: (SEQ ID NO: 152)
5’ amino-ATC AGT TCT T-FAM
A8: (SEQ ID NO: 153)
5’ amino-TAG GTG CTC GAO GCT GAO
A9: (SEQ ID NO: 154)
5’amino-TAG GAG AGA GAG AGA GCA
A10: (SEQ ID NO: 155)
FAM-CGC ATC T (Spacerl9) L TCA GCG TCG AGC AC
All: (SEQ ID NO: 156)
Cy5-ACA ATA GTC (Spacerl9) TC CTC TCT CTC
TCT CCA T

Cy5, Cy3 and FAM were incorporated into A3, A4, AS, A6,

A7 and A10 during oligonucleotide synthesis. A1(ATTO520)
(A1 modified with ATTO520) and A2(CyS5) were prepared by
post-synthetic modification with Cy5-NHS (Invitrogen) and
ATTOS520-NHS (Sigma). All modified oligonucleotides were
purified by reversed-phase HPL.C(13). Concentrations of the
oligonucleotides were calculated from UV absorbance at 260
nm after correction for the contribution of the fluorophore
absorbance at 260 nm.

Preparation of Peptide-Signaling Oligonucleotide Conju-
gates.

Two methods were used to prepare peptide-SO conjugates.
The first approach employed aromatic hydrazine and aro-
matic aldehyde based crosslinking chemistry (Solulink (San
Diego, Calif.)). SO’s with 5' amino group were modified with
PEG4/PFB (Solulink) whereas peptide with N-terminal cys-
teine was modified with MHPH (Solulink) followed by
orthogonal reaction between modified peptide and SO.
Twenty five nmoles of SO with 5'amine were dissolved in 100
mM NaH,PO,, 150 mM NaCl, pH 7.4 buffer and 25 molar
excess of PEG4/PFB (from 150 mM stock in DMF) was
added. DMF was kept below 5% of the volume of the reaction
mixture. Reaction mixture was incubated for 3 hrs at room
temperature with continuous mixing with microstirrer. Modi-
fication of the oligonucleotide with PEG4/PFB was con-
firmed by electrophoretic analysis on 7.5% polyacrylamide
gel (run in TBE). Modified SO had reduced mobility com-
pared to unmodified SO. Modified SO was purified by reverse
phased HPLC on analytical C18 column. Purified SO was
dried and stored at -20 deg until used. 45 nmoles of the
peptide were dissolved in 100 mM NaH,PO,, 150 mM NaCl,
pH 6.0 buffer and 2 molar excess of MHPH was added (from
a 250 mM stock in DMF). Reaction mixture was incubated at
room temperature for 2.5 hrs and the excess of MHPH was
removed on a C18 SepaPak cartridge. Modified peptide was
dried and was dissolved in 100 mM NaH,PO,,, 150 mM NaCl,
pH 6.0 buffer to a final concentration 1.5 mM. Conjugation of
PEG4/PFB modified oligonucleotide and MHPH modified
peptide was performed by incubating the mixture of the
reagents overnight at room temperature in 100 mM
NaH,PO,, 150 mM NaCl, pH 6.0 buffer containing 10 mM
aniline. Optimal molar ratios of modified peptide to modified
oligonucleotides for conjugation reaction were determined
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experimentally by performing first a series of small-scale
conjugation reactions employing variable ratios of peptides to
oligonucleotides. The SO-peptide conjugates were purified
by preparative native PAGE electrophoresis. The following
SO-peptide conjugates were prepared using this method:
AS5-P1, A5-P2, A5-P3, AG-P2 and A7-P1.

Second approach for preparing involved crosslinking of
5'-amino-SO and N-terminal cysteine containing peptide
with NHS-PEO8-maleimide bifunctional crosslinker. 51
nmoles of amino-modified SO dissolved in 20 mM NaH,PO,,
150 mM NaCl, 2.5 mM EDTA pH 7.4 were reacted with 25x
molar excess of NHS-PEOS8-maleimide added from a stock
solution in DMF (final concentration of DMF in the reaction
mixture was <5%). Reaction mixture was incubated for 3 hrs
at room temperature and the excess of the crosslinker was
removed by ethanol precipitation in the presence of 1 mg/ml
glycogen. Addition of NHS-PEOS-maleimide was confirmed
by native PAGE electrophoresis and SO-PEOS8-maleimide
conjugate was stored dried at —20 deg until used. SO-peptide
conjugate was obtained by reacting SO-PEOS8-maleimide
conjugate for 6 hrs at room temperature with 10x molar
excess of cysteine-containing peptide in 20 mM NaH,PO,,
150 mM NaCl, 2.5 mM EDTA (pH 7.4). The SO-peptide
conjugates were purified by preparative native PAGE electro-
phoresis. The following SO-peptide conjugates were pre-
pared using this method: A3-P1 and A4-P1.

Preparation of Antibody-Oligonucleotide Conjugates.

CEA and E. coli 0157:H7 antibodies were modified with
SO’s as described previously (14-16). CEA antibody
cat#100046 was labeled with A8/A10 and CEA antibody
cat#100046 was labeled with A9/A11. E. coli 0157:H7 anti-
body was labeled with A8/A10.

Preparation of Neutravidin Labeled with Terbium Chelate.

1.25 nmoles of Neutravidin (10 mg/ml in MiliQ water)
were dissolved in 20 mM NaH,PO,, 150 mM NaCl, 10 pM
EDTA (pH 7.4) and run through the Zeba column equilibrated
in the same buffer. 40x molar excess of Traut’s reagent in 20
mM NaH,PO,, 150 mM NaCl, 10 uM EDTA pH 7.4 was
added and the sample was incubated for 1.5 h at room tem-
perature. The sample was run through the Zeba column in 20
mM NaH,PO,, 150 mM NaCl, 10 uM EDTA (pH 7.4) to
remove the excess of Traut’s reagent and was added to a tube
containing 40 mg of Cs124-DTPA-EMPH (carbostyrl 124-
diethylenetriaminepentaacetate-maleimidoproprionic
hydrazide) (Panvera). The sample was incubated for 4 hrs at
room temperature followed up by overnight incubation at 4
deg. Excess of unreacted Cs124-DTPA-EMPH was removed
on Zeba column equilibrated in 20 mM NaH,PO,, 150 mM
NaCl, 10 uM EDTA (pH 7.4).

Fluorescence Measurements.

Fluorescence measurements in solution were performed in
384-well low-volume black microplates (Corning cat #3676)
at 25° C. on Analyst AD plate reader (LJL Biosystems,
Sunnyvale, Calif.) or Spectra Fluor Plus microplate reader
(Tecan, Research Triangle Park, N.C.). Fluorescence inten-
sity for the samples where the capture oligonucleotide was
immobilized on the solid surface was recorded on BioRad
Imager FX and qualifies using QauntityOne software (Bio-
Rad).

Optimal SO-Capture Oligonucleotide Binding Affinity.

We used the model system of anti-biotin antibody and
biotinylated signaling oligonucleotides to determine the opti-
mal affinity of SO for binding to capture oligonucleotide that
would produce maximal differential binding to CO in the
presence and absence of the target antibody. We performed a
series of titrations of a mixture of 10 nM A1(ATTO520) and
A2(Cy5) SO’s in the presence (50 nM) and absence of anti-
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biotin antibody with six capture oligonucleotides differing in
the predicted affinity for these SO’s. The following capture
oligonucleotides were tested:

Cc08: (SEQ ID NO: 157)
TCT AGT TGA CAC TC

COl1: (SEQ ID NO: 158)
ATC TAG TTG ACA CTC G

C09: (SEQ ID NO: 159)
TAT CTA GTT GAC ACT CGA

C010: (SEQ ID NO: 160)
CTA TCT AGT TGA CAC TCG AC

CO11: (SEQ ID NO: 161)
GCT ATC TAG TTG ACA CTC GAC C

Cco12: (SEQ ID NO: 162)

GGC TAT CTA GTT GAC ACT CGA CCT

FIG. 67 shows that a range of SO—CO affinities could be
identified (capture oligonucleotides CO1 and CO9) where
little FRET signal in the absence of the anti-biotin antibody
was observed and efficient FRET signal was observed in the
presence of anti-biotin antibody at wide range of capture
oligonucleotide concentrations. Reducing the affinity of SO
for CO’s below this optimal range (capture oligonucleotides
CO8) resulted in low FRET signal in the presence of anti-
biotin antibody. Increasing the affinity above this optimal
range (capture oligonucleotides CO10, CO11 and CO21)
progressively reduced the difference in FRET in the presence
and absence of anti-biotin antibody and produced a biphasic
response to the concentration of capture oligonucleotide. At
lower range of capture oligonucleotide concentrations, FRET
signal increased with an increase of capture oligonucleotide
concentration. At higher capture oligonucleotide concentra-
tion signal decreased since at these conditions binary
SO—CO complexes become favored over ternary
SO—CO—SO0 complexes. CO with an optimal affinity for
SO (CO1) produced a functional assay for detecting anti-
biotin antibody (FIG. 68).

FIG. 69A illustrates schematically that in the presence of
high concentrations of CO and in the absence of the target
analyte essentially all SO’s will be bound to CO but predomi-
nantly as binary SO—CO complexes that would not produce
FRET signal. In the presence of target analyte bivalent SO-
target complexes will bind predominantly as FRET-active
target-(SO),—CO complexes. The scheme illustrated in FIG.
69A suggests that it should be possible to identify a range of
CO concentrations that in the absence of target analyte would
force SO’s into FRET-inactive binary SO—CO complexes
without adversely affecting the formation of FRET-active
target-(SO)>—CO complexes. This “trick” could be used to
reduce the background FRET in the absence of the target and
produce improvement in signal-to-background ratio of the
assay. We used a simple oligonucleotide-based model

depicted in FIG. 69D to test this prediction. Oligonucleotide
T in FIG. 69D is a mimic of the target analyte. The following
oligonucleotides were used:

T: (SEQ ID NO: 162)
GGTCCAGTTCAA TT GCACTCTCGTTC

co13: (SEQ ID NO: 163)
CGC ATC TTG ACT ATT GT

All: (SEQ ID NO: 164)

Cy5-AGA TGC G XXX XX TTG AAC TGG ACC
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-continued
Al2: (SEQ ID NO: 165)
AMCA (Eu3+) -ACA ATA GTC XXX XXX XXX GAA CGA GAG TGC

FIGS. 69 B and C shows that as predicted by the scheme in
FIG. 69A. The background FRET in the absence of T was
reduced by high concentration of CO without significant
decrease of FRET signal in the presence of T resulting in an
increase in signal-to-background ratio (curve labeled Ratio+
T/-T).

Results

Assay design depicted in FIG. 57B utilizes antigen pep-
tides specific to a given antibody that are conjugated to short
oligonucleotides using long flexible linker. Oligonucleotides
are complementary to two segments of the capture oligo-
nucleotide but the length of complementary sequence is
designed such that in the absence of the target antibody very
little binding between the oligonucleotides and the capture
oligonucleotide occurs. We hypothesized that the formation
of antibody-peptide-oligonucleotide complex would result in
an affinity switch where such complex would acquire high
affinity for the capture oligonucleotide. This affinity switch
would be derived from the bivalent nature of the antibody.
Simultaneous binding of two peptide-oligonucleotide conju-
gates should produce a large increase in their relative local
concentrations, which in turn should result in a large increase
in capture oligonucleotide binding affinity. We used a simple
model system of anti-biotin antibody and detection oligo-
nucleotides labeled with biotin via long linker (FIGS. 58 A
and B) to verify the above predictions regarding the biophysi-
cal basis for the assay design depicted in FIG. 57B. In this
model system the biotin moiety was a simple surrogate for
antigen peptide that bound to anti-biotin antibody with high
affinity. Individual biotin-oligonucleotide construct bound
the capture oligonucleotide with dissociation constant of 8.8
uM (FIG. 58A). Binding affinity was increased ~200 fold in
the presence of saturating concentration of anti-biotin anti-
body (K,=36 nM; FIG. 58B). We used the model consisting
of'biotinylated SO and anti-biotin antibody to investigate the
dependence of affinity switching illustrated in FIG. 58 on
concentration of S3 oligonucleotide and the affinity of SO for
S3 (FIG. 67). These data identified the SO—S3 binding
affinities for which there was a range of capture oligonucle-
otide concentration where very little binding of SO to S3
occurred in the absence of anti-biotin antibody and essen-
tially saturated binding was observed in the presence of the
anti-biotin antibody (FIG. 67). When S3 capture oligonucle-
otide was present in solution at such concentration, addition
of anti-biotin antibody to a mixture of S3 and peptide-signal-
ing oligonucleotide conjugates produced robust FRET signal
(FIG. 68) confirming feasibility of design in FIG. 57B. For a
final validation of the design in FIG. 57B, we prepared con-
jugates of signaling oligonucleotides with N-terminal tropo-
nin peptide (P1-SO1 and P1-SO2) and we performed a titra-
tion of the mixture of P1-SO1, P1-SO2 conjugates and S31
capture oligonucleotide with anti-troponin antibody specific
to N-terminus of troponin (FIG. 58C). Antibody concentra-
tiondependent FRET signal was observed that was specific to
the target antibody since no FRET signal was observed in the
presence of unrelated troponin antibody (FIG. 58C). These
results are quite comparable to the analogous assay for anti-
troponin antibody prepared according to scheme depicted in
FIG. 57A (see Heyduk et al., (2008) Anal Chem 80, 5152-
5159) indicating functional equivalence between designs in
FIGS. 57A and 57B. In summary, results of the experiments
illustrated in FIG. 58 confirmed biophysical basis of the assay
design depicted in FIG. 57B.
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Since FRET was used as a readout in the experiments in
FIG. 58 (and FIGS. 67 and 68), two SO’s of unique sequences
labeled with donor or acceptor fluorophores and the corre-
sponding S3 oligonucleotide containing two unique sequence
elements complementary to these SO’s were used. However,
if FRET signaling is not utilized, a simpler design utilizing
only a single SO and S3 with a repeat of sequence element
complementary to this SO sequence could be used (as vali-
dated by experiments with model constructs (not shown))
illustrated by solid surface-based assays described below.

While the design illustrated in FIG. 57B can be utilized for
preparing homogenous assays, its most attractive feature is
the possibility of immobilizing the capture oligonucleotide
onasolid surface. This opens a possibility of designing assays
in which simple rules of oligonucleotide complementarily
could be utilized for directing antibody-peptide-signaling oli-
gonucleotide complexes to desired locations on a solid sur-
face (as illustrated in FIG. 57C). To demonstrate feasibility of
surface immobilized assays utilizing design shown in FIGS.
57 B and C, we prepared conjugates of 3 peptides specific for
three different antibodies with Cy3-labeled signaling oligo-
nucleotides (P1-SO1; P2-SO1 and P3-SO1). Biotinylated oli-
gonucleotide containing four repeats of the sequence comple-
mentary to SO1 (S32) was immobilized in neutravidin-coated
96-well microplate. We used a capture oligonucleotide con-
taining multiple repeats of the sequence complementary to
the signaling oligonucleotide because we found in prelimi-
nary experiments that such oligonucleotide worked much
better compared to oligonucleotide containing a single repeat
of SO-complementary sequence (data not shown). Peptide-
oligonucleotide conjugates were incubated in the wells of
96-well plate containing immobilized capture oligonucle-
otide with various concentrations of either the corresponding
antibody or the negative control antibody (anti-insulin). After
washing out unbound peptide-oligonucleotide conjugates,
fluorescence images of the plates were obtained (FIG. 59).
Antibody-concentration  dependent fluorescence was
observed for all three antibody-antigen peptide pairs (FIG.
59) whereas no fluorescence signal was detected in the pres-
ence of negative control antibody. The data shown in FIG. 3
confirmed the feasibility of the assay design depicted in FIG.
57C.

We have previously shown that the homogenous antibody
detection assay (FIG. 57A) was compatible with detecting
antibodies in serum, although at low serum dilutions back-
ground fluorescence negatively affected the performance of
the assay. Since the assay format based on binding of peptide-
SO conjugate to the immobilized capture oligonucleotide
involves a buffer washing step, we expected that this assay
format would be resistant to negative effects of serum. We
compared the detection of the same concentrations of the
target antibody in a buffer and when spiked into human serum
(FIG. 60). In agreement with this expectation essentially
identical response curves were obtained in the buffer and in
undiluted serum demonstrating excellent applicability of the
assay for detecting the antibodies in complex samples such as
serum.

The experiments illustrated in FIG. 61 were conducted to
demonstrate the applicability of the design in FIG. 57B for
preparing microarray-style assays illustrated in FIG. 57C.
Three rows of 96-well microplate were covered each with a
unique sequence capture oligonucleotide (S33, S34 or S35).
When the wells were incubated with the target antibodies (in
the presence of corresponding SO-peptide conjugates) strong
fluorescence signal (after washing the wells with the buffer)
was observed only in wells where sequence of signaling
oligonucleotides matched the sequence of the capture oligo-
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nucleotides and where the antibody matching the peptide of
SO construct was present (FIG. 61A). A5-P1 construct was
labeled with Cy3 whereas A6-P2 and A7-P1 constructs were
labeled with FAM to illustrate additional multiplexing poten-
tial derived from multicolor detection. When the plate was
scanned for Cy3 fluorescence only the wells with A5-P1 were
visible and when the plate was scanned for FAM fluorescence
only the wells with A6-P2 and A7-P1 were visible (FIG.
61A). FIG. 5B demonstrates that assay performance was not
altered when mixture of SO-peptide constructs was present in
all wells.

The assay design depicted in FIGS. 57 B and C is not
limited to detecting antibodies but should be generally appli-
cable to other homogeneous assay formats. FIG. 62 illustrates
adaptation of the design depicted in FIGS. 57 B and C to
“molecular pincer” antibody-based detection of protein tar-
get. We used cancer biomarker CEA protein as an example of
a protein target. We have described previously homogenous
FRET based assay for detecting CEA protein. A pair of anti-
bodies recognizing non-overlapping epitopes of CEA were
labeled with SO that were complementary to the capture
oligonucleotide immobilized in 96-well plate (FIG. 62A).
Labeled antibodies were incubated in the wells of 96-well
plate containing immobilized capture oligonucleotide with
various concentrations of CEA and after washing out
unbound antibody-oligonucleotide conjugates, CEA concen-
tration dependent fluorescence signal was observed that allow
determination of CEA with pM limits of detection (FIG.
62B). Performance of CEA assay described in FIG. 62 was
comparable to previously described homogeneous molecular
pincer assay (Heyduk, E. and Heyduk, T., in press) demon-
strating the applicability of the design depicted in FIG. 61A
for detecting protein targets.

FIG. 63 illustrates adaptation of the design depicted in
FIGS. 57 B and C for the antibody based detection of patho-
genic bacteria. We have previously described fluorescent
homogenous immunosensors that utilized FRET signal
derived from annealing of fluorophore-labeled oligonucle-
otides driven by the binding of the antibodies to the surface of
bacterial cells. We labeled antibodies specific to pathogenic
E. coli 0157:H7 with fluorophore-modified signaling oligo-
nucleotide that was complementary to the capture oligonucle-
otide immobilized in 96-well plate. Binding of the antibodies
to the surface of the bacteria, as illustrated in FIG. 63A, by
mechanism analogous to the one behind the assay design
depicted in FIGS. 57 B and C should produce a particle with
high affinity for the capture oligonucleotide. Indeed, when
labeled antibody was incubated with various amounts of E.
coli 0157:H7 in the wells of 96-well plate containing immo-
bilized capture oligonucleotide, a fluorescent signal propor-
tional to the amount of target bacteria was observed (FIG.
63B). No signal was detected when equal amounts of E. coli
K12 were added (FIG. 63B). These data demonstrated the
applicability of the design depicted in FIGS. 1B and C for
detecting bacteria. In addition to the examples in FIGS. 62
and 63 we have also experimentally verified that an aptamer
based homogenous assay for thrombin (17) could be also
adapted to the heterogeneous format (FIG. 69). In summary,
the experiments described in FIGS. 62 and 63 demonstrate
that target-induced oligonucleotide affinity switching mecha-
nism described here could be used for designing assays for a
large variety of targets.

Assay design depicted in FIGS. 57 B and C can find appli-
cations beyond the obvious solid surface heterogeneous for-
mat used in the experiments in FIGS. 59-63. One interesting
embodiment is to immobilize capture oligonucleotide on a
surface of beads or nanoparticles. Various detection modali-
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ties could be enabled by such a design. For example, beads
functionalized with capture oligonucleotides could be used to
design Luminex assays using the design illustrate in FIGS. 57
B and C. FIG. 64 A shows an example of a homogenous assay
in which capture oligonucleotide covered particle (neutravi-
din) serves as highly luminescent center of the reaction to
which peptide-oligonucleotide constructs labeled with fluo-
rescence probes that could participate in energy transfer could
be directed in target antibody dependent manner. Neutravidin
was labeled with luminescence label (Th>* chelate) and bioti-
nylated capture oligonucleotide was bound to the labeled
neutravidin (FIG. 64A). When the target antibody was added
to the reaction mixture in the presence of Cy3-labeled SO-
peptide conjugate a large antibody concentration dependent
LRET (Luminescence Resonance Energy Transfer (18)) sig-
nal was observed (FIG. 64B). No LRET signal was detected
in the presence of negative control antibody (FIG. 64B).
Discussion

The data described here fully validated the design of the
assay depicted in FIGS. 57 B and C. Furthermore, our data
demonstrated that this design is not limited to antibody detec-
tion but can be generally applied to all assays involving tar-
get-induced association of signaling oligonucleotides in the
homogenous format. This design can be used to prepare
homogenous assays utilizing FRET signaling as depicted in
FIG. 57B. When applied for homogenous assays, it is func-
tionally equivalent to the design in FIG. 57A but it often
produced lower FRET signals compared to design in FIG.
57A (FIG. 59 and unpublished data). However, it offers the
flexibility of conveniently changing the affinity (through
changes of the length or the sequence of the segments of
capture oligonucleotide complementary to signaling oligo-
nucleotides) of signaling oligonucleotides binding to the cap-
ture oligonucleotide. This could be used to fine-tune the assay
for specific buffer or temperature conditions without the re-
labeling the target-binding components of the assay. Also, as
illustrated in FIG. 69, high concentrations of S3 in a homog-
enous assay could be used to reduce the background FRET
signal in the absence of the target. This can be rationalized by
observing that when the concentration of S3 is high SO’s will
be driven to bind to the S3 even in the absence of the target
(FIG. 69). However, in the absence of the target SO’s will
bind independently and in the presence of large excess of S3
it will be unlikely that they will be bound by the same S3
molecule. Thus, very little SO/SO/S3 complex will be formed
in the absence of the target even though the great majority of
SO’s could be in fact bound to S3 (as SO/S3 complexes that
do not produce FRET signal). In the presence of the target,
SO’s will bind S3 preferentially in a manner where both SO’s
are bound by the same S3 molecule producing FRET signal
(FIG. 69).

The most interesting applications of the assay design
described here are allowed by immobilizing the capture oli-
gonucleotide on a solid surface. In these assays all interac-
tions of assay components with the solid surface are mediated
by oligonucleotide-oligonucleotide interactions. Such inter-
actions are well understood and can be accurately predicted
which will facilitate design of such assays. Highly multi-
plexed microarray-style assays could be developed utilizing
well-established oligonucleotide spotting technologies. Vari-
ous targets (antibodies, proteins, cells, etc.) could be detected
with these multiplexed assays without the need to spot pro-
teins on a slide. This has been a technical challenge in the
development of protein microarrays and thus we believe
avoiding it will be highly beneficial. This way microarray
slides for detecting various targets will be as easy to make,
store and handle as the slides for DNA microarrays.
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In addition to a classical microarray experiment design that
involves incubation of the sample with the array, extensive
washing and scanning, our design is well suited for real-time
detection utilizing Total Internal Reflection Fluorescence
(TIRF). Target-induced association of fluorophore-labeled
SO with immobilized capture oligonucleotides can be selec-
tively detected by TIRF without washing out the excess of
unbound SO constructs. The highly multiplexed assays
according to the design in FIG. 57C will find applications for
convenient detection of a panel of biomarkers to produce an
increase in sensitivity and specificity of diagnosis.
Detection of anti-HCV NS4 IgM.

Epitope containing peptide P3 was conjugated with oligo
A2 through PEG12 linker. Oligo probe T1-Eu (for PINCER
A) and T2-Oyster-CyS5 (for PINCER B) was each hybridized
to A2-peptide conjugate (probe: A2) in TBS buffer with 0.2
mg/ml BSA. Mouse anti-NS4 IgM was spiked into 1:50
diluted normal human serum in TBS buffer with 0.2 mg/ml
BSA with or without 40 ug/ml non-specific mouse IgM. 10 ul
of'the samples were mixed with 10 ul ofthe 2x PINCER assay
solution containing 20 nM, 25 nM and 10 uM PINCER A,
PINCER B, and oligo T3 in TBS buffer with 0.2 mg/m1 BSA.
After 30 min incubation at room temperature, the fluores-
cence intensity (ex. 330 nm, Em. 665 nm) was measured on a
Synergy 4 plate reader (Biotek) (FIG. 59D).

Detection of Anti-HCV Core IgG.

Epitope containing peptide P3 was conjugated with oligo
A2 through PEG12 linker. Oligo probe T1-Eu (for PINCER
A) and T2-Oyster-CyS5 (for PINCER B) was each hybridized
to A2-peptide conjugate (probe: A2) in TBS buffer with 0.2
mg/ml BSA. Mouse anti-NS4 IgG was spiked into 1:50
diluted normal human serum in TBS buffer with 0.2 mg/ml
BSA, with or without 0.2 mg/ml non-specific mouse IgG. 10
ul of the samples were mixed with 10 ul of the 2x PINCER
assay solution containing 20 nM, 25 nM and 10 uM PINCER
A, PINCER B, and oligo T3 in TBS buffer with 0.2 mg/ml
BSA. After 30 min incubation at room temperature, the fluo-
rescence intensity (ex. 330 nm, Em. 665 nm) was measured
on a Synergy 4 plate reader (Biotek) (FIG. 59E).

Detection of Human IgG.

Anti-human IgG antibody was modified with oligo A2
through PEG12 linker. Oligo probe T1-Eu (for PINCER A)
and T2-Oyster-Cy5 (for PINCER B) was each hybridized to
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A2 on antibody (probe: A2) in TBS buffer with 0.2 mg/ml
BSA. The assay was performed by diluting human IgG in
TBS buffer with 0.2 mg/ml BSA. 10 ul of the samples were
mixed with 10 ul of'the 2x PINCER assay solution containing
PINCER A, PINCER B, and oligo T3 in TBS buffer with 0.2
mg/ml BSA. The components of the 2x PINCER assays were
as following:

Condition 1: PINCER A: PINCER B: T3=20 nM: 20 nM:
40 nM;

Condition 2: PINCER A: PINCER B: T3=20 nM: 20 nM:
400 nM;

Condition 3: PINCER A: PINCER B: T3=20 nM: 20 nM:
10 uM.

After 30 min incubation at room temperature, the fluores-
cence intensity (ex. 330 nm, Em. 665 nm) was measured on a
Synergy 4 plate reader (BioTek) (FIG. 59F).

Detection of Pathogens.

Anti-E. coli O157:H7 polyclonal antibody was modified
with oligo A2 through PEG12 linker. Oligo probe T1-Eu (for
PINCER A) and T2-Oyster (or T2-Oyster-CyS5, double label)
(for PINCER B) was each hybridized to A2 on antibody
(probe: A2) in TBS buffer with 0.2 mg/ml BSA. The assay
was performed by diluting E. coli O157:H7 cells in TBS
buffer with 0.2 mg/ml BSA, 10% glycerol, 0.02% NaN3, and
0.05% Tween-20. 10 ul of the samples were mixed with 10 ul
of'the 2x PINCER assay solution containing 20 nM, 25 nM
and 10 uM PINCER A, PINCER B, and oligo T3 in TBS
buffer with 0.2 mg/ml BSA. After 30 min incubation at room
temperature, the fluorescence intensity (ex. 330 nm, Em. 665
nm) was measured on a Synergy 4 plate reader (BioTek) (FIG.
5D).

The oligo “LT-A2-TAND-3-NO” was hybridized with A2
modified albumin 6501 antibody and oligo “A2-AMPS-4-
NO” with A2 modified albumin 6502 antibody, respectively.
The final concentration of each DNA was 1 uM. The 3-piece,
DNA template “LT-TANDEM-3” (50 nM) with these two
antibody fractions (50 nM each), was then mixed together
with human serum albumin antigens at a series of final con-
centrations (20 nM, 25 nM, 35 nM, 40 nM, 45 nM, and 50
nM). After incubation at room temp for 30 min, each sample
was injected to Biacore for CHIP analysis. Meanwhile, the
control mixture with BSA instead of Human serum albumin
was also prepared and tested. The signal increases in propor-
tional to the increasing concentration of antigen (FIG. 66D).

TABLE 1
SEQUENCE
Construct Sequence IDENTIFIER ~ DESCRIPTION
THR1 5' Fluorescein AGT SEQ ID 60-18 [29]a
CCG TGG TAG GGC NO: 1 aptamer labeled
AGG TTG GGG TGA with fluorescein
CT
THR2 5' Fluorescein GGT SEQ ID G15Db aptamer
TGG TGT GGT TGG NO: 2 labeled with
fluorescein
THR3 AGT CCG TGG TAG SEQ ID 60-18 [29]
GGC AGG TTG GGG NO: 3 aptamer
TGACT
THR4 GGT TGG TGT GGT SEQ ID G15D aptamer
TGG NO: 4
THRS AGT CCG TGG TAG SEQ ID 60-18 [29]
GGC AGG TTG GGG NO: 5 aptamer
TGA CTX XXX XGG connected to
TTG GTGTGG TTG G G15D aptamer via
5 Spacerl8
linkers (X)
THR6 AGT CCG TGG TAG SEQ ID 60-18 [29]
GGC AGG TTG GGG NO: 6 aptamer
TGA CTX XXX XXX connected to
XXX GGT TGG TGT G15D aptamer via
GGT TGG 10 Spacerl8

linkers (X)
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TABLE 1-continued
SEQUENCE
Construct Sequence IDENTIFIER ~ DESCRIPTION
THR7 GGT TGG TGT GGT SEQ ID G15D aptamer
TGG XXX XXX XXX NO: 7 connected to 60-
XAGTCC GTG GTA 18 [29] aptamer
GGG CAG GTT GGG via 10 Spacerl8
GTGACT linkers (X)
THR14 GGT TGG TGT GGT SEQ ID Aptamer with a
TGGTITTTTT CTG NO: 8 poly dT linker
TCG TTA GTG AAG
GTT
THRI1S AAC CTT CAC TAA SEQ ID Aptamer with a
CGACAGTITTITT NO: 9 poly dT linker
AGT CCG TGG TAG
GGC AGG TTG GGG
TGACT
THRI16 GGT TGG TGT GGT SEQ ID Aptamer with a
TGGTTITTTT TTT TTT NO: 10 poly dT linker
TTT TT CTG TCG TTA
GTG AAG GTT
THR17 AAC CTT CAC TAA SEQ ID Aptamer with a
CGA CAGTTT TTT NO: 11 poly dT linker
TTT TTT TTT TT AGT
CCG TGG TAG GGC
AGG TTG GGG TGA
CT
THRI18 GGT TGG TGT GGT SEQ ID Aptamer with a
TGGTTITTTT TTT TTT NO: 12 poly dT linker
TIT TTTTTTTTT TTT
CTG TCG TTA GTG
AAG GTT
THRI19 AAC CTT CAC TAA SEQ ID Aptamer with a
CGA CAGTTT TTT NO: 13 poly dT linker
TIT TTTTTTTTT TTT
TTT TTT AGT CCG
TGG TAG GGC AGG
TTG GGG TGA CT
THRS GGT TGG TGT GGT SEQ ID Aptamer with a
TGGTTITTTT TTT TTT NO: 14 poly dT linker
TTT TTC GCATCT
3'dabeyl
THR9 5' fluorescein AGA TGC SEQID Aptamer with a
GTTTTTT TTT TTT NO: 15 poly dT linker
TTT TT AGT CCG TGG
TAG GGC AGG TTG
GGG TGA CT
THR20 GGT TGG TGT GGT SEQ ID G15D aptamer
TGG XXX XXC GCA NO: 16 connected via 5
TCT 3’dabeyl Spacerl8 linkers
(X) to 7 nt
“signaling”
oligonucleotide
labeled with
dabeyl at 3' end
THR21 5' fluorescein AGA SEQID 7 nt “signaling”
TGC GXX XXX AGT NO: 17 oligonucleotide
CCG TGG TAG GGC labeled at 5' with
AGG TTG GGG TGA fluorescein
CT connected to 60-
18 [29] aptamer
via 5 Spacerl8
linkers (X)
THR27 GGT TGG TGT GGT SEQ ID G15D aptamer
TGG XXX XX CZC NO: 18 connected via 5
GCA TCT Spacerl8 linkers
to 7 nt “signaling”
oligonucleotide
containing amino-
dT (Z) (near its 5'
end)
THR28 5" amino AGA TGC SEQID 7 nt “signaling”
GXX XXX AGT CCG NO: 19 oligonucleotide
TGG TAG GGC AGG containing 5'
TTG GGG TGA CT amino connected

to 60-18 [29]
aptamer via 5
Spacerl8 linkers
&)
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TABLE 1-continued

SEQUENCE
Construct Sequence IDENTIFIER ~ DESCRIPTION
THRI11 CTG TCG TTA GTG SEQ ID Construct
AAG GTT NNN NNN NO: 20 containing 33 nt
NNN NNN NNN NNN random DNA
NNN NNN NNN NNN sequence for
NNN AAC GCC ATA thrombin aptamer
TCA CAGACG selection
THR12 5' fluorescein CTG TCG SEQID Primerl for
TTA GTG AAG GTT NO: 21 THRI11
THRI13 5' biotin CGT CTG TGA SEQ ID Primer2 for
TAT GGC GTT NO: 22 THRI11
THR22 GGT TGG TGT GGT SEQ ID Co-aptamer for
TGG XXGA CAG NO: 23 thrombin aptamer
selection, with 2
Spacerl8 linkers
X
THR25 GGT TGG TGT GGT SEQ ID Co-aptamer for
TGG XXX XXA CGA NO: 24 thrombin aptamer
CAG selection, with 5
Spacerl8 linkers
X
THR29 GAACGAGAGTGC SEQ ID ss DNA sensor
XXXXX amino CGCA NO: 25 component, with 5
TCT Spacerl8 linkers
X
THR32 5' fluorescein AGA TGC SEQID ss DNA sensor
G XXXXX TTG AAC NO: 26 component, with 5
TGGACC Spacerl8 linkers
X
THR33 GGTCCAGTTCAATT SEQ ID target ss DNA for
GCACTCTCGTTC NO: 27 ss DNA sensor
THR42 GGT TGG TGT GGT SEQID co-aptamer for
TGG XX XXX AAC NO: 28 thrombin aptamer
GAC AG selection
THRA43 CTG TCG TT XXXXX SEQ ID Construct
TTGAGTCAGCGTCGA NO: 29 containing 33 nt
GCA NNN NNN NNN random DNA
NNN NNN NNN NNN sequence for
NNN NNN NNN NNN thrombin aptamer
TTC ACT GTG CTG selection, with 5
CGG CTA Spacerl8 linkers
X
THR44 5' fluorescein CTG TCG SEQID Primerl for
TT XXXXX TTG AGT NO: 30 THR43, with 5
CAG CGT CGA GCA Spacerl8 linkers
X)
THRA45 5'biotin SEQID Primer2 for
TAGCCGCAGCACAGT NO: 31 THRA43
GAA
THRA49 CACCTGATCGCTCCT SEQ ID Construct
CGT NNN NNN NNN NO: 32 containing 30 nt
NNN NNN NNN NNN random DNA
NNN NNN NNN CAG sequence for
GAT GCA CAG GCA simultaneous
CAA selection of two
thrombin
aptamers
THRS50 AGCCGCCATTCCATA SEQ ID Construct
GTG NNN NNN NNN NO: 33 containing 30 nt
NNN NNN NNN NNN random DNA
NNN NNN NNN CAG sequence for
GAT GCc gat cag gtg simultaneous
selection of two
thrombin
aptamers
THRS51 5' fluorescein CAC CTG SEQID Primerl for
ATC GCT CCT CGT NO: 34 THRA49
THR52 S'biotin TTG TGC CTG SEQ ID Primer2 for
TGC ATC CTG NO: 35 THRA49
THRS53 5' fluorescein-AGC SEQID Primer3 for
CGC CAT TCC ATA NO: 36 THRS50
GTG
THR54 5'biotin CAC CTG ATC SEQ ID Primer4 for
GGC ATC CTG NO: 37 THRS50
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TABLE 1-continued
SEQUENCE

Construct Sequence IDENTIFIER ~ DESCRIPTION

THR35 5' fluorescein AGA SEQID Thrombin sensor
TGC G XXXXX AG NO: 38 component, with 5
GTT GGG GGT ACT Spacerl8 linkers
AGG TAT CAA TGG (X)
GTA GGG TGG TGT
AAC GC

THR36 5' fluorescein AGA SEQID Thrombin sensor
TGC G XXXXX A GTG NO: 39 component, with 5
AAG GTT GGG GGT Spacerl8 linkers
ACT AGG TAT CAA (X)
TGG GTA GGG TGG
TGT AAC GCCATA T

MIS10X3 AAC GCA ATA AAT SEQID co-aptamer for
GTG AAG TAG ATC NO: 40 CRP aptamer
ACA TTT TAG GCA CC selection, with 5
XXXXX GA TGGCT Spacerl8 linkers

&)

MIS12 AGCCA T CTAACT SEQ ID Construct
ATT CCC NNN NNN NO: 41 containing 33 nt
NNN NNN NNN NNN random DNA
NNN NNN NNN NNN sequence for CRP
NNN GAG CGA GAA aptamer selection
ATT CTA GGT

MIS11 GGT GCC TAA AAT SEQ ID Complement to
GTG ATC TAC TTC NO: 42 MIS10X3
ACA TTT ATT GCG TT

MIS13 5'-fluorescein - AGC CA SEQID Primerl for
T CTA ACT ATT CCC NO: 43 MIS10X3

MIS14 5' biotin- ACC TAG AAT SEQ ID Primer2 for
TTC TCG CTC NO: 44 MIS10X3

Clone 1 ggcggtatgg geatagegta SEQID Clone from FIG.
atgggagett got NO: 45 28

Clone 2 ggatgegtaa tggttagggt SEQID Clone from FIG.
gggtagggta tee NO: 46 28

Clone 3 ggatgegtaa tggttagggt SEQID Clone from FIG.
gggtagggta tee NO: 47 28

Clone 4 ggatgegtaa tggttagggt SEQID Clone from FIG.
gggtagggta tee NO: 48 28

Clone 5 geagtaggta ctatattgge SEQID Clone from FIG.
tagggtggte tge NO: 49 28

Clone 6 geagtaggta ctatattgge SEQID Clones from FIG.
tagggtggte tge NO: 50 28

Clone 7 ggcggtatgg geatagegta SEQID Clone from FIG.
atgggaggte tge NO: 51 28

Clone 8 ggatgegtaa tggttagggt SEQID Clone from FIG.
gggtagggta tee NO: 52 28

Clone 9 ggcggtatgg gtatagegta SEQID Clone from FIG.
atgggagett got NO: 53 28

Clone 10 gegggtacta ggtattaatg SEQID Clone from FIG.
ggtaggeteg tgt NO: 54 28

Clone 11 cagcagggaa cggaacggtt SEQID Clone from FIG.
agggteggta ggg NO: 55 28

Clone 12 geggngatag gtegegtaag SEQID Clone from FIG.
ttgggtaggg tgg NO: 56 28

Clone 13 caggatgggt agggtggtca SEQID Clone from FIG.
gegaageagt agg NO: 57 28

Clone 14 caacggttgg gtgaactgta SEQID Clone from FIG.
gtggctteggg gtg NO: 58 28

Clone 15 caggatgggt agggtggtca SEQID Clone from FIG.
gegaageagt agg NO: 59 28

Clone 16 caggatgggt agggtggtca SEQID Clone from FIG.
gegaageagt ag NO: 60 28

Clone 17 ggcgagagea gegtgatagg SEQID Clone from FIG.
gteggtaggg tgg NO: 61 28

Clone 18 cagggtcagg getagatgat SEQ ID Clone from FIG.
gegattaace atg NO: 62 28

Clone 19 caggatgggt agggtggtca SEQID Clone from FIG.
gegaageagt agg NO: 63 28

Clone 20 gegggtacta ggtatcaatg SEQID Clone from FIG.
ggtaggeteg tgt NO: 64 28

Clone 21 gegggtacta ggtatcaatg SEQID Clone from FIG.
ggtaggeteg tgt NO: 65 28

Clone 22 ggagacgtaa tgggttggtt SEQID Clone from FIG.
gggaagngga tee NO: 66 28

Clone 23 geatacgtaa tggteeggtt SEQID Clone from FIG.
ggegcgggta tat NO: 67 28
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TABLE 1-continued
SEQUENCE

Construct Sequence IDENTIFIER ~ DESCRIPTION

Clone 24 gegggtacta ggtatcaatg SEQID Clone from FIG.
ggtaggeteg tgt NO: 68 28

Clone 25 gaggggactt aggatgggta SEQID Clone from FIG.
ggetggtagg cec NO: 69 28

Clone 26 gegggtacta ggtatcaatg SEQID Clone from FIG.
ggtaggeteg tgt NO: 70 28

Clone 27 geteggggca tagtaatget SEQID Clone from FIG.
ggattgggca get NO: 71 28

Clone 28 gegtaggage agtacacget SEQID Clone from FIG.
ggaatgggte act NO: 72 28

Clone 29 geagtaggta ctatattgge SEQID Clone from FIG.
tagggtggte tge NO: 73 28

Clone 30 gegtaggsts SEQID Clone from FIG.
acagggagga NO: 74 28
cggaatgggc act

Clone 31 geagtaggta ctatattgge SEQID Clone from FIG.
tagggtggte tge NO: 75 28

Clone 32 geagtaggta ctatattgge SEQID Clone from FIG.
tagggtggte tge NO: 76 28

Clone 33 geagtaggta ctatattgge SEQID Clone from FIG.
tagggtggte tge NO: 77 28

Clone 34 gegggtgcta ggtattaaag SEQID Clone from FIG.
ggtaggeteg tgt NO: 78 28

Clone 35 geagtaggta ctatgteggg SEQID Clone from FIG.
tegggtggte tge NO: 79 28

Clone 1-1 gegtagggte gttgtaatag SEQID Clone from FIG.
ggattgegat NO: 80 30

Clone 1-2 gegtagggte gttgtaatag SEQID Clone from FIG.
ggattgegat NO: 81 30

Clone 1-3 ggcacaacce gatatggeta SEQID Clone from FIG.
tgaatctgee NO: 82 30

Clone 1-4 gegtagggte gttgtaatag SEQID Clone from FIG.
ggattgegat NO: 83 30

Clone 1-5 gegtagggte gttgtaatag SEQID Clone from FIG.
ggattgegat NO: 84 30

Clone 1-6 getgtgggty gttattggtg SEQID Clone from FIG.
tagagegggt NO: 85 30

Clone 1-7 aatggggagg ttgggetecg SEQID Clone from FIG.
ggagagtggt NO: 86 30

Clone 1-8 acgegtagga tgggtagggt SEQID Clone from FIG.
ggtegegtta NO: 87 30

Clone 1-9 gegtagggte gttgtaatag SEQID Clone from FIG.
ggattgegat NO: 88 30

Clone 1-10 gggegaaggt SEQID Clone from FIG.
acgaagacgg atgcacgtge NO: 89 30

Clone 2-1 aaggeegeea tetgggteeg SEQID Clone from FIG.
acgagtacca NO: 90 30

Clone 2-2 tagggtgggt agggtgstca SEQID Clone from FIG.
actatggggg NO: 91 30

Clone 2-3 gegtggetgg tcaaggagat SEQID Clone from FIG.
agtacgatge NO: 92 30

Clone 2-4 gotagggteg ttaaaatagg SEQID Clone from FIG.
ggaatggeag NO: 93 30

Clone 2-5 cacaagaagg SEQID Clone from FIG.
gegagegetg ageatagtge NO: 94 30

Clone 2-6 ccaacgacac atagggtaca SEQID Clone from FIG.
cgeegectee NO: 95 30

Clone 2-7 gotagggteg ttaaaatagg SEQID Clone from FIG.
ggaatggeag NO: 96 30

Clone 2-8 taggatgggt agggtggtee SEQID Clone from FIG.
caggaatggc NO: 97 30

Clone 2-9 taggatgggt agggtggece SEQID Clone from FIG.
caggaatggc NO: 98 30

Clone 2-10 gotagggteg ttaaaatagg SEQID Clone from FIG.
ggaatggeag NO: 99 30

Clone 2-11 gatgtggeee agaageataa SEQID Clone from FIG.
cacgacgtac NO: 100 30

Clone 2-12 taggatgggt agggtggtee SEQID Clone from FIG.
caggaatggc NO: 101 30

Clone 2-13 ggagatgeag gtactgagta SEQID Clone from FIG.
gggagtetge NO: 102 30

Clone 2-14 taggatgggt agggtggtee SEQID Clone from FIG.
caggaatggc NO: 103 30

Clone 1 aatcaagggce tggtgttaaa SEQID Clone from FIG.
ggtegategac tag NO: 104 31

88



US 8,956,857 B2

89
TABLE 1-continued
SEQUENCE

Construct Sequence IDENTIFIER ~ DESCRIPTION

Clone 2 aaggggagec SEQID Clone from FIG.
atcacacagg aggtcgette NO: 105 31
get

Clone 3 aaaggcatca cctagagttg SEQID Clone from FIG.
ccgeegatac ttg NO: 106 31

Clone 4 ggggatgtge gaaactggtg SEQID Clone from FIG.
actatgeggg tge NO: 107 31

Clone 5 cgaaaggage catcaacctt SEQID Clone from FIG.
gaaacgecceg tee NO: 108 31

Clone 6 cagacgggag ccatcgacat SEQID Clone from FIG.
agaggtgatt gcc NO: 109 31

Clone 7 agggaaagee atcacctaga SEQID Clone from FIG.
cacatacagc atg NO: 110 31

Clone 8 ataagaagce atcataggga SEQID Clone from FIG.
cctagetage cec NO: 111 31

Clone 9 ccaacagacg gtagcacaac SEQID Clone from FIG.
actagtactc tgg NO: 112 31

Clone 10 acagacgecc ctagtaaaca SEQID Clone from FIG.
ataaccgatg gee NO: 113 31

Clone 11 atagetacte gecaagggtg SEQID Clone from FIG.
acttetgeta ttg NO: 114 31

Clone 12 atggggcaac geggagacct SEQID Clone from FIG.
gteggtactg cct NO: 115 31

Clone 13 geaatatage actaagectt SEQID Clone from FIG.
aactccatgg tgg NO: 116 31

Clone 14 geaaggaaaa SEQID Clone from FIG.
acaagcaagc catcacgacc NO: 117 31
tag

Clone 15 caggeatccc aagaagtgte SEQID Clone from FIG.
agccgttteg tgg NO: 118 31

Clone 16 caacaggaga SEQID Clone from FIG.
geccgacaca cagatetgge NO: 119 31
cce

Clone 17 acaagccatc acgtgaatge SEQID Clone from FIG.
cgaccggtac tgt NO: 120 31

Clone 18 accgacaaac aagtcaatac SEQID Clone from FIG.
gggacacgat cct NO: 121 31

Clone 19 cagtgggteg ggtcacagee SEQID Clone from FIG.
atgagtgttg ctg NO: 122 31

Clone 20 aacgggaaag ccatcaccat SEQID Clone from FIG.
atttategte ctg NO: 123 31

Clone 21 acgggegeaa acaagatgta SEQID Clone from FIG.
caaaagcatg gtg NO: 124 31

Clone 22 agcgggatag ggaactateg SEQID Clone from FIG.
gacaatcgte gtg NO: 125 31

Clone 23 gaggataaaa gecatcaact SEQID Clone from FIG.
agaatgegea tgg NO: 126 31

ANTB6 5’-amino-XXX XXX SEQ ID X = Spacer 18
AGATGC G NO: 127
3'fluorescein

ANTB6BIO 5'-biotin-XXX XXX AGA SEQ ID X = Spacer 18

T TGC G 3'Cy5 NO: 128

ANTB7 CAA TAA ATG TGA SEQ ID X = Spacer 18
TCT AGA TCA CAT NO: 129
TTT AGG XXX XXX
AGA TGC G 3'C3 S-S
CPG

ANTB7DIG CAA TAA ATG TGA SEQ ID X = Spacer 18
TCT AGA TCA CAT NO: 130
TTT AGG-digoxin

BICAP 30 CCT AAA ATG TGA SEQ ID
TCT AGA TCA CAT NO: 131
TTATTG

ANTB8 5'-amino-XXX XXX SEQ ID X = Spacer 18
CGCATCT3'C3 8-S NO: 132
CPG

ANTB9 AAA ATG TGATCT SEQ ID
AGA TCA CAT TTA NO: 133
TTG-3' TEG Biotin

TIRF2 biotin XX GGT TGG SEQ ID X = Spacer 18
TGT GGT TGG XX NO: 134
XXX CGC ATC

N-terminal MADGSSDAAREPRPA SEQ ID

cardiac C NO: 135

troponin I
peptide
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 166

<210> SEQ ID NO 1

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

agtcegtggt agggcaggtt ggggtgact

<210> SEQ ID NO 2

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

ggttggtgtg gttgg

<210> SEQ ID NO 3

<211> LENGTH: 29

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 3

agtcegtggt agggcaggtt ggggtgact

<210> SEQ ID NO 4

<211> LENGTH: 15

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 4

ggttggtgtg gttgg

<210> SEQ ID NO 5

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (30)..(30)

<223> OTHER INFORMATION: 5 Spacerl8 linker

<400> SEQUENCE: 5

agtcegtggt agggcaggtt ggggtgactg gttggtgtgg ttgg

<210> SEQ ID NO 6

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (30)..(30)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 6

agtcegtggt agggcaggtt ggggtgactg gttggtgtgg ttgg

<210> SEQ ID NO 7

<211> LENGTH: 44

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(25)

<223> OTHER INFORMATION: N = SPACER18 LINKER

29

15

29

15

44

44
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-continued

94

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: 10 SPACER18 LINKER

<400> SEQUENCE: 7

ggttggtgtg gttggagtcc gtggtaggge aggttggggt gact

<210> SEQ ID NO 8

<211> LENGTH: 41

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (15)..(15)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 8

ggttggtgtyg gttgngtttt tttctgtegt tagtgaaggt t

<210> SEQ ID NO 9

<211> LENGTH: 54

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 9

aaccttcact aacgacagtt tttttagtce gtggtaggge aggttggggt gact
<210> SEQ ID NO 10

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 10

ggttggtgtyg gttggttttt tttttttttt ttcetgtegtt agtgaaggtt
<210> SEQ ID NO 11

<211> LENGTH: 64

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

aaccttcact aacgacagtt tttttttttt tttttagtec gtggtaggge aggttggggt

gact

<210> SEQ ID NO 12

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

ggttggtgtyg gttggttttt tttttttttt tttttttttt ttcetgtegtt agtgaaggtt

<210> SEQ ID NO 13

<211> LENGTH: 74

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

aaccttcact aacgacagtt tttttttttt tttttttttt tttttagtec gtggtaggge

aggttggggt gact

<210> SEQ ID NO 14

44

41

54

50

60

64

60

60

74
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96

<211> LENGTH: 39
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

ggttggtgtyg gttggttttt tttttttttt ttegeatct

<210> SEQ ID NO 15

<211> LENGTH: 53

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 15

agatgcgttt tttttttttt ttttagtceg tggtagggea ggttggggtyg act

<210> SEQ ID NO 16

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 16

ggttggtgtyg gttggcegcat ct

<210> SEQ ID NO 17

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 17

agatgcgagt ccgtggtagg gcaggttggg gtgact

<210> SEQ ID NO 18

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: 5 SPACER18 LINKER
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: 5' AMINO GROUP

<400> SEQUENCE: 18

ggttggtgtyg gttggctcege atct

<210> SEQ ID NO 19

<211> LENGTH: 36

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(12)

<223> OTHER INFORMATION: N = SPACER18 LINKER
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 19

39

53

22

36

24
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agatgcgagt ccgtggtagg gcaggttggg gtgact

<210> SEQ ID NO 20

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(51)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 20

ctgtcgttag tgaaggttnn nnnnnhnnnn nnnNnnnnnn NNDNNNNnnn haacgccata

tcacagacyg

<210> SEQ ID NO 21

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 21

ctgtegttag tgaaggtt

<210> SEQ ID NO 22

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 22

cgtetgtgat atggegtt

<210> SEQ ID NO 23

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(17)

<223> OTHER INFORMATION: N = SPACER18 LINKER

<400> SEQUENCE: 23

ggttggtgtg gttggnngac ag

<210> SEQ ID NO 24

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 24

ggttggtgtg gttggacgac ag

<210> SEQ ID NO 25

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (13)..(13)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 25

36

60

69

18

18

22

22



US 8,956,857 B2
99

-continued

100

gaacgagagt gccgcatct

<210> SEQ ID NO 26

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 26

agatgcgttyg aactggacc

<210> SEQ ID NO 27

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 27

ggtccagtte aattgcactce tegtte

<210> SEQ ID NO 28

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (16)..(16)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 28

ggttggtgty gttggaacga cag

<210> SEQ ID NO 29

<211> LENGTH: 77

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: 5 SPACER18 LINKER
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (27)..(59)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 29

ctgtcegtttt gagtcagegt cgagcannnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnt

tcactgtget geggeta

<210> SEQ ID NO 30

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 30
ctgtegtttt gagtcagegt cgagea
<210> SEQ ID NO 31

<211> LENGTH: 18

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

19

19

26

23

60

77

26
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<400> SEQUENCE: 31

tagccgcage acagtgaa

<210> SEQ ID NO 32

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(48)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 32

cacctgatcg ctcctcgtnn nnnnnhnnnn hnnnnnnnnh nnnnnnnnca ggatgcacag

gcacaa

<210> SEQ ID NO 33

<211> LENGTH: 66

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(48)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 33

agccgcecatt ccatagtgnn nnnnnhnnnn nhnnnnnhhnn nnnnnnnnca ggatgccgat

caggtg

<210> SEQ ID NO 34

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 34
cacctgateg ctectegt

<210> SEQ ID NO 35

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 35
ttgtgectgt gcatcctg

<210> SEQ ID NO 36

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 36

agccgecatt ccatagtg

<210> SEQ ID NO 37

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 37

cacctgateg gcatcctg

<210> SEQ ID NO 38

18

60

66

60

66

18

18

18

18
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<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 38

agatgcgagyg ttgggggtac taggtatcaa tgggtagggt ggtgtaacge

<210> SEQ ID NO 39

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 39

agatgcgagt gaaggttggg ggtactaggt atcaatgggt agggtggtgt aacgccatat

<210> SEQ ID NO 40

<211> LENGTH: 45

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (39)..(39)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 40

aacgcaataa atgtgaagta gatcacattt taggcaccga tggct

<210> SEQ ID NO 41

<211> LENGTH: 69

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (19)..(51)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 41

agccatctaa ctattccenn nnnnnhnnnn MNNNNNNNND NNONNNNNNN hgagcgagaa

attctaggt

<210> SEQ ID NO 42

<211> LENGTH: 38

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 42

ggtgcctaaa atgtgatcta cttcacattt attgegtt
<210> SEQ ID NO 43

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 43

agccatctaa ctattecce

<210> SEQ ID NO 44
<211> LENGTH: 18

50

60

45

60

69

38

18
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<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 44
acctagaatt tctegete
<210> SEQ ID NO 45
<211> LENGTH: 33
<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 45

ggcggtatgg gcatagegta atgggaggtt ggt

<210> SEQ ID NO 46

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 46

ggatgcgtaa tggttagggt gggtagggta tcc
<210> SEQ ID NO 47

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 47

ggatgcgtaa tggttagggt gggtagggta tcc

<210> SEQ ID NO 48

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 48

ggatgcgtaa tggttagggt gggtagggta tcc
<210> SEQ ID NO 49

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 49

gcagtaggta ctatattggc tagggtggte tge
<210> SEQ ID NO 50

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 50

gcagtaggta ctatattggc tagggtggte tge
<210> SEQ ID NO 51

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 51

ggcggtatgg gcatagegta atgggaggte tge

<210> SEQ ID NO 52

18

33

33

33

33

33

33

33
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<211> LENGTH: 33
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 52

ggatgcgtaa tggttagggt gggtagggta tcc 33

<210> SEQ ID NO 53

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 53

ggcggtatgg gtatagcgta atgggaggtt ggt 33

<210> SEQ ID NO 54

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 54

gggggtacta ggtattaatg ggtagggtgg tgt 33

<210> SEQ ID NO 55

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 55

cagcagggaa cggaacggtt agggtgggta ggg 33

<210> SEQ ID NO 56

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (5)..(5)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 56

geggngatag gtcgegtaag ttgggtaggg tgg 33
<210> SEQ ID NO 57

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 57

caggatgggt agggtggtca gcgaagcagt agg 33
<210> SEQ ID NO 58

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 58

caacggttgg gtgaactgta gtggcttggg gtg 33

<210> SEQ ID NO 59

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 59



109

US 8,956,857 B2

-continued

110

caggatgggt agggtggtca gcgaagcagt agg

<210> SEQ ID NO 60

<211> LENGTH: 32

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 60

caggatgggt agggtggtca gcgaagcagt ag

<210> SEQ ID NO 61

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 61

ggcgagagca gcgtgatagg gtgggtaggg tgg

<210> SEQ ID NO 62

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 62

cagggtcagg gctagatgat gegattaacce atg

<210> SEQ ID NO 63

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 63

caggatgggt agggtggtca gcgaagcagt agg

<210> SEQ ID NO 64

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 64

gggggtacta ggtatcaatg ggtagggtgg tgt

<210> SEQ ID NO 65

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 65

gggggtacta ggtatcaatg ggtagggtgg tgt

<210> SEQ ID NO 66

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (27)..(27)

<223> OTHER INFORMATION: n is a, ¢, g,

<400> SEQUENCE: 66

ggagacgtaa tgggttggtt gggaagngga tcc

<210> SEQ ID NO 67

33

32

33

33

33

33

33

33
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<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 67

gcatacgtaa tggtccggtt ggggcgggta tgt
<210> SEQ ID NO 68

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 68

gggggtacta ggtatcaatg ggtagggtgg tgt

<210> SEQ ID NO 69

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 69

gaggggactt aggatgggta gggtggtagg ccc

<210> SEQ ID NO 70

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 70

gggggtacta ggtatcaatg ggtagggtgg tgt
<210> SEQ ID NO 71

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 71

ggtcggggea tagtaatget ggattgggea get

<210> SEQ ID NO 72

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 72

gggtaggagce agtacacgcet ggaatgggte act
<210> SEQ ID NO 73

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 73

gcagtaggta ctatattggc tagggtggte tge
<210> SEQ ID NO 74

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 74

gggtagggtg acagggagga cggaatggge act

33

33

33

33

33

33

33

33
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<210> SEQ ID NO 75

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 75

gcagtaggta ctatattggc tagggtggtc tgce 33
<210> SEQ ID NO 76

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 76

gcagtaggta ctatattggc tagggtggtc tgce 33
<210> SEQ ID NO 77

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 77

gcagtaggta ctatattggc tagggtggtc tgce 33
<210> SEQ ID NO 78

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 78

gggggtgcta ggtattaaag ggtagggtgg tgt 33
<210> SEQ ID NO 79

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 79

gcagtaggta ctatgtcggg tcgggtggtce tgce 33
<210> SEQ ID NO 80

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 80

gggtagggtyg gttgtaatag ggattgcgat 30

<210> SEQ ID NO 81

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 81

gggtagggtyg gttgtaatag ggattgcgat 30

<210> SEQ ID NO 82

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 82

ggcacaaccc gatatggcta tgaatctgec 30
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<210> SEQ ID NO 83

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 83

gggtagggtyg gttgtaatag ggattgcgat

<210> SEQ ID NO 84

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 84

gggtagggtyg gttgtaatag ggattgcgat
<210> SEQ ID NO 85

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 85

ggtgtgggtg gttattggtg tagagcgggt
<210> SEQ ID NO 86

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 86

aatggggagg ttggggtgcg ggagagtggt
<210> SEQ ID NO 87

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 87

acgcgtagga tgggtagggt ggtegegtta
<210> SEQ ID NO 88

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 88

gggtagggtyg gttgtaatag ggattgcgat

<210> SEQ ID NO 89

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 89

gggcgaaggt acgaagacgg atgcacgtge
<210> SEQ ID NO 90

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 90

aaggccgeca tctgggtecg acgagtacca

30

30

30

30

30

30

30

30
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<210> SEQ ID NO 91

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 91
tagggtgggt agggtggtca actatggggg
<210> SEQ ID NO 92

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 92

gggtggctgg tcaaggagat agtacgatge

<210> SEQ ID NO 93

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 93

ggtagggtgg ttaaaatagg ggaatggcag

<210> SEQ ID NO 94

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 94

cacaagaagg gcgagcgetg agecatagtge
<210> SEQ ID NO 95

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 95

ccaacgacac atagggtaca cgecgectcece
<210> SEQ ID NO 96

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 96

ggtagggtgg ttaaaatagg ggaatggcag

<210> SEQ ID NO 97

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 97

taggatgggt agggtggtce caggaatgge

<210> SEQ ID NO 98

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 98

30

30

30

30

30

30

30
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taggatgggt agggtggece caggaatgge

<210> SEQ ID NO 99

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 99

ggtagggtgg ttaaaatagg ggaatggcag
<210> SEQ ID NO 100

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 100

gatgtggcce agaagcataa cacgacgtac
<210> SEQ ID NO 101

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 101

taggatgggt agggtggtce caggaatgge

<210> SEQ ID NO 102

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 102

ggagatgcag gtactgagta gggagtgtge
<210> SEQ ID NO 103

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 103

taggatgggt agggtggtce caggaatgge

<210> SEQ ID NO 104

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 104

aatcaagggce tggtgttaaa ggtgatcgac tag
<210> SEQ ID NO 105

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 105

aaggggagcce atcacacagg aggtegette get
<210> SEQ ID NO 106

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 106

30

30

30

30

30

30

33

33
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aaaggcatca cctagagttg ccgecgatac ttg

<210> SEQ ID NO 107

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 107

ggggatgtge gaaactggtg actatgeggg tge

<210> SEQ ID NO 108

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 108

cgaaaggagce catcaacctt gaaacgeceg tcce
<210> SEQ ID NO 109

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 109

cagacgggag ccatcgacat agaggtgatt gec
<210> SEQ ID NO 110

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 110

agggaaagcce atcacctaga cacatacage atg
<210> SEQ ID NO 111

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 111

ataagaagcce atcataggga cctagctage ccc
<210> SEQ ID NO 112

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 112

ccaacagacg dtagcacaac actagtactce tgg
<210> SEQ ID NO 113

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 113

acagacgccce ctagtaaaca ataaccgatg gec

<210> SEQ ID NO 114

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

33
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<400> SEQUENCE: 114

atagctacte gccaagggtg acttetgeta ttg

<210> SEQ ID NO 115

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 115

atggggcaac gcggagacct gteggtactg cct
<210> SEQ ID NO 116

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 116

gcaatatagce actaagcctt aactccatgg tgg
<210> SEQ ID NO 117

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 117

gcaaggaaaa acaagcaagc catcacgacc tag
<210> SEQ ID NO 118

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 118

caggcatcce aagaagtgte agecgttteg tgg
<210> SEQ ID NO 119

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 119

caacaggaga gcccgacaca cagatctgge ccce
<210> SEQ ID NO 120

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 120

acaagccatce acgtgaatge cgaccggtac tgt
<210> SEQ ID NO 121

<211> LENGTH: 33

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 121

accgacaaac aagtcaatac gggacacgat cct
<210> SEQ ID NO 122

<211> LENGTH: 33

<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 122

cagtgggtcg ggtcacagee atgagtgttg ctg

<210> SEQ ID NO 123

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 123

aacgggaaag ccatcaccat atttategte ctg

<210> SEQ ID NO 124

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 124

acgggcgcaa acaagatgta caaaagcatg gtg

<210> SEQ ID NO 125

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 125

agcgggatag ggaactatcg gacaategte gtg

<210> SEQ ID NO 126

<211> LENGTH: 33

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 126

gaggataaaa gccatcaact agaatgcgca tgg

<210> SEQ ID NO 127

<211> LENGTH: 7

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 127

agatgcg

<210> SEQ ID NO 128

<211> LENGTH: 7

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 128

agatgcg

<210> SEQ ID NO 129

<211> LENGTH: 43

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens
<220> FEATURE:

33
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33
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<221> NAME/KEY: misc_feature

<222> LOCATION: (31)..(31)

<223> OTHER INFORMATION: 5 SPACER18 LINKER
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (32)..(36)

<223> OTHER INFORMATION: n is a, ¢, g, or t

<400> SEQUENCE: 129

caataaatgt gatctagatc acattttagg nnnnnnagat gecg 43

<210> SEQ ID NO 130

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 130

caataaatgt gatctagatc acattttagg 30

<210> SEQ ID NO 131

<211> LENGTH: 30

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 131

cctaaaatgt gatctagatc acatttattg 30

<210> SEQ ID NO 132

<211> LENGTH: 7

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 132

cgcatct 7

<210> SEQ ID NO 133

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 133

aaaatgtgat ctagatcaca tttattg 27

<210> SEQ ID NO 1234

<211> LENGTH: 21

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: 2 SPACER18 LINKER
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (17)..(17)

<223> OTHER INFORMATION: 5 SPACER18 LINKER

<400> SEQUENCE: 134

ggttggtgtyg gttggcgcat ¢ 21
<210> SEQ ID NO 135

<211> LENGTH: 16

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens
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<400> SEQUENCE: 135

Met Ala Asp Gly Ser Ser Asp Ala Ala Arg Glu Pro Arg Pro Ala Cys
1 5 10 15

<210> SEQ ID NO 136

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 136

Met Ala Asp Gly Ser Ser Asp Ala Ala Arg Glu Pro Arg Pro Ala Cys
1 5 10 15

<210> SEQ ID NO 137

<211> LENGTH: 14

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<400> SEQUENCE: 137

Cys Ser Leu Ala Glu Leu Leu Asn Ala Gly Leu Gly Gly Ser
1 5 10

<210> SEQ ID NO 138

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<400> SEQUENCE: 138

Cys Asp Tyr Lys Asp Asp Asp Asp Lys
1 5

<210> SEQ ID NO 139

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<400> SEQUENCE: 139

atctagttga cactcg 16

<210> SEQ ID NO 140

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<400> SEQUENCE: 140

atctagtttg acactcg 17

<210> SEQ ID NO 141

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: T is modified with biotin
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<400> SEQUENCE: 141

tttttttttt ttgacactcc tttgacactce ctttgacact cctttgacac tccttt

<210> SEQ ID NO 142

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: T is modified with biotin

<400> SEQUENCE: 142

tttttttttt taatatcagg ttaatatcag gttaatatca ggttaatatc aggatt

<210> SEQ ID NO 143

<211> LENGTH: 56

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SYNTEHSIZED

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: T is modified with biotin

<400> SEQUENCE: 143

tttttttttt ttgaactgat tttgaactga ttttgaactg attttgaact gatttt

<210> SEQ ID NO 144

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: T is modified with biotin

<400> SEQUENCE: 144

tttttttttt ttgtagatge gtgactattg tagt

<210> SEQ ID NO 145

<211> LENGTH: 52

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: T is modified with biotin

<400> SEQUENCE: 145

tttttttttt ttagatgegt ttagatgegt ttagatgegt ttagatgegt tt

<210> SEQ ID NO 146

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (4)..(4)

<223> OTHER INFORMATION: amino deoxythymidine based with a 6 carbon

56

56

56

34

52
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spacer
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (12)..(12)

<223> OTHER INFORMATION: connected via six Spacer 18 linkers to biotin

<400> SEQUENCE: 146

aactagatag cc 12

<210> SEQ ID NO 147

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTEHSIZED
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: Biotin is connected via six Spacer 18 linkers
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)
<223> OTHER INFORMATION: amino deoxythymidine based with a 6 carbon
spacer

<400> SEQUENCE: 147

aggtcgagtg tc 12

<210> SEQ ID NO 148

<211> LENGTH: 9

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: A is modified with 5' amino moiety
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (9)..(9)

<223> OTHER INFORMATION: A is modified with Cy5

<400> SEQUENCE: 148

aactagata 9

<210> SEQ ID NO 149

<211> LENGTH: 11

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: G is modified with a 5' amino moiety
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (11)..(11)

<223> OTHER INFORMATION: C is modified with Cy3

<400> SEQUENCE: 149

ggtcgagtgt ¢ 11

<210> SEQ ID NO 150

<211> LENGTH: 12

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED
<220> FEATURE:
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<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: A is modified with 5' amino moiety
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (12)..(12)
<223> OTHER INFORMATION: C is modified with Cy3
<400> SEQUENCE: 150
aggtcgagtg tc 12
<210> SEQ ID NO 151
<211> LENGTH: 10
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: SYNTHESIZED
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: C is modified with 5' amino moiety
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: T is modified with é-carboxyfluorescein
<400> SEQUENCE: 151
cctgatattt 10
<210> SEQ ID NO 152
<211> LENGTH: 10
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: SYNTHESIZED
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: A is modified with 5' amino moiety
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: T is modified with é-carboxyfluorescein
<400> SEQUENCE: 152
atcagttcectt 10
<210> SEQ ID NO 153
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: SYNTHESIZED
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: T is modified with 5' amino moiety
<400> SEQUENCE: 153
taggtgctcg acgctgac 18
<210> SEQ ID NO 154
<211> LENGTH: 18
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: SYNTHESIZED
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: T is modified with 5' amino moiety
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<400> SEQUENCE: 154

taggagagag agagagga 18

<210> SEQ ID NO 155

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1).. (1)

<223> OTHER INFORMATION: C is modified with é-carboxyfluorescein
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 5 spacer 18

<400> SEQUENCE: 155

cgcatctgte agcgtcgage ac 22

<210> SEQ ID NO 156

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYTHENSIZED
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: A is modified with Cy5
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (10)..(10)

<223> OTHER INFORMATION: 5 spacer 18

<400> SEQUENCE: 156

acaatagtcc tctctctete tcecat 25

<210> SEQ ID NO 157

<211> LENGTH: 14

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<400> SEQUENCE: 157

tctagttgac actc 14

<210> SEQ ID NO 158

<211> LENGTH: 16

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<400> SEQUENCE: 158

atctagttga cactcg 16

<210> SEQ ID NO 159

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYTHENSIZED

<400> SEQUENCE: 159
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tatctagttg acactcga 18

<210> SEQ ID NO 160

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYTHENSIZED

<400> SEQUENCE: 160

ctatctagtt gacactcgac 20

<210> SEQ ID NO 161

<211> LENGTH: 22

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYTHENSIZED

<400> SEQUENCE: 161

gctatctagt tgacactcga cc 22

<210> SEQ ID NO 162

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYNTHESIZED

<400> SEQUENCE: 162

ggctatctag ttgacactcg acct 24

<210> SEQ ID NO 163

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYTHENSIZED

<400> SEQUENCE: 163

ggtccagtte aattgcactce tcgttce 26

<210> SEQ ID NO 164

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYTHESIZED

<400> SEQUENCE: 164

cgcatcttga ctattgt 17

<210> SEQ ID NO 165

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: SYTHENSIZED
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (1)..(1)

<223> OTHER INFORMATION: A is modified with Cy5
<220> FEATURE:

<221> NAME/KEY: misc_feature

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: 5 spacer 18
<220> FEATURE:

<221> NAME/KEY: misc_feature
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<222> LOCATION: (9)..(12)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 165
agatgcgnnn nnttgaactg gacc 24
<210> SEQ ID NO 166
<211> LENGTH: 30
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: SYTHENSIZED
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1)..(1)
<223> OTHER INFORMATION: A is modified with AMCA(EU3+) complex
(AMCA = aminomethylcoumarin acetate; EU3+ = trivalent europiumion)
<220> FEATURE:
<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (10)..(10)
<223> OTHER INFORMATION: 5 spacer 18
<220> FEATURE:
<221> NAME/KEY: misc_feature
<222> LOCATION: (11)..(18)
<223> OTHER INFORMATION: n is a, ¢, g, or t
<400> SEQUENCE: 166

acaatagtcn nnnnnnnnga acgagagtge

30

What is claimed is:

1. A three component molecular biosensor, the molecular
biosensor comprising two epitope binding agent constructs
and an oligonucleotide construct, which together have for-
mula (III):

R24.R25_R26.R27:
R25.R29_R30_R3!.

0 (am

wherein:

R** is an epitope binding agent that binds to a first epitope
on a target antibody;

R?? is a flexible linker attaching R** to R??;

R?¢ and R*® are a pair of nucleotide sequences that are not
complementary to each other, but are complementary to
two distinct regions on O;

R?7 and R*! are labels that together comprise a detection
means such that when R*® and R3® associate with O a
detectable signal is produced, wherein the detection
means is selected from the group consisting of fluores-
cent resonance energy transfer (FRET), lanthamide
resonance energy transfer (LRET), fluorescence cross-
correlation spectroscopy, flourescence quenching, fluo-
rescence polarization, flow cytometry, scintillation
proximity, luminescence resonance energy transfer,
direct quenching, chemiluminescence energy transfer,
bioluminescence resonance energy transfer, excimer
formation, colorimetric substrates detection, phospho-
rescence, electro-chemical changes, and redox potential
changes;

R?® is an epitope binding agent that binds to a second
epitope on the target antibody;

R?? is a flexible linker attaching R*® to R*°; and

O is a nucleotide sequence comprising a first region that is
complementary to R*®, and a second region that is
complementary to R*°, wherein the free energy of asso-
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ciation between O and R?5, and between O and R?°, is
from about -5 to about —12 kcal/mole at a temperature
from about 21° C. to about 40° C. and at a salt concen-
tration from about 1 mM to about 100 mM.
2. The three component molecular biosensor of claim 1,
wherein O comprises formula (IV):

R32.R3B_R34.RI_R36 )

wherein:
R?2, R*, and R*° are nucleotide sequences not comple-
mentary to any of R*%, R*°, R*3, or R*%;

R?? is a nucleotide sequence complementary to R>S;

R?’ is a nucleotide sequence that is complementary to R*°;

and

R?? is not adjacent to R*.

3. The three component molecular biosensor of claim 2,
wherein R*?, R** and R3S are from about 2 to about 20
nucleotides in length; and R** and R*® comprise a length such
that the free energy of association between R** and R?® and
R?*® and R* is from about -5 to about —12 kcal/mole at a
temperature from about 21° C. to about 40° C. and at a salt
concentration from about 1 mM to about 100 mM.

4. The three component molecular biosensor of claim 1,
wherein R** and R*® are independently selected from the
group consisting of an antibody, an antibody fragment, a
polypeptide, and a peptide.

5. The three component molecular biosensor of claim 1,
wherein R** is a peptide and R*® is selected from the group
consisting of a peptide, an antibody, or an antibody fragment.

6. The three component molecular biosensor of claim 1,
wherein R** and R*® are from about 50 to about 250 ang-
stroms in length and are independently selected from the
group consisting of a heterobifunctional chemical linker, a
homobifunctional chemical linker, polyethylene glycol, and
nucleic acid.

7. The three component molecular biosensor of claim 6,
wherein R?% and R* are from about 2 to about 20 nucleotides
in length.
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8. A composition, the composition comprising an oligo-
nucleotide construct O immobilized to a solid surface and two
epitope binding agent constructs, the epitope binding agent
constructs comprising:

R24.R25_R26.R27.

R2Z5_RZ_R3OR3L.

wherein:

R>*is an epitope binding agent that binds to a first epitope
on a target antibody;

R?? is a flexible linker attaching R** to R??;

R?¢ and R*® are a pair of nucleotide sequences that are not
complementary to each other, but are complementary to
two distinct regions on O;

R?*7 and R?" are labels that together comprise a detection
means such that when RS and R*® associate with O a
detectable signal is produced, wherein the detection
means is selected from the group consisting of fluores-
cent resonance energy transfer (FRET), lanthamide
resonance energy transfer (LRET), fluorescence cross-
correlation spectroscopy, flourescence quenching, fluo-
rescence polarization, flow cytometry, scintillation
proximity, luminescence resonance energy transfer,
direct quenching, chemiluminescence energy transfer,
bioluminescence resonance energy transfer, excimer
formation, colorimetric substrates detection, phospho-
rescence, electro-chemical changes, and redox potential
changes;

R*® is an epitope binding agent that binds to a second
epitope on the target antibody;

R* is a flexible linker attaching R*® to R*°; and

O is a nucleotide sequence comprising a first region that is
complementary to R*®, and a second region that is
complementary to R*°, wherein O is immobilized to the
solid surface irrespective of the association between R*¢
and O or R*® and O, and wherein the free energy of
association between O and R?®, and between O and R*°,
is from about -5 to about —12 kcal/mole at a temperature
from about 21° C. to about 40° C. and at a salt concen-
tration from about 1 mM to about 100 mM.

9. The composition of claim 8, wherein O comprises for-

mula (IV):

R32.R33.R34_R35.R36 av)

wherein:

R??, R**, and R° are nucleotide sequences not comple-
mentary to any of R*¢, R?°, R**, or R**;

R?? is a nucleotide sequence complementary to R?®;

R?® is a nucleotide sequence that is complementary to
R?% and

R?? is not adjacent to R*>.

10. The composition of claim 9, wherein R*2, R*#, and R>®
are from about 2 to about 20 nucleotides in length; and R>?
and R>® comprise a length such that the free energy of asso-
ciation between R*® and R*° and R*® and R*® is from about -5
to about —12 kcal/mole at a temperature from about 21° C. to
about 40° C. and at a salt concentration from about 1 mM to
about 100 mM.

11. The composition of claim 8, wherein R** and R*® are
independently selected from the group consisting of an anti-
body, an antibody fragment, a polypeptide, and a peptide.
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12. The composition of claim 8, wherein R** and R*® are
from about 50 to about 250 angstroms in length and are
independently selected from the group consisting of a hetero-
bifunctional chemical linker, a homobifunctional chemical
linker, polyethylene glycol, and nucleic acid.

13. The composition of claim 12, wherein R*® and R*° are
from about 2 to about 20 nucleotides in length.

14. The composition of claim 8, wherein the surface is a
material selected from the group consisting of glass, func-
tionalized glass, plastic, nylon, nitrocellulose, polysaccha-
rides, resin, silica, metals, and inorganic glasses.

15. The composition of claim 8, wherein the surface is
selected from the group consisting of a microtitre plate, a test
tube, beads, resins, and a slide.

16. A method for detecting a target in a sample, the method
comprising:

(a) contacting an oligonucleotide construct (O), two
epitope binding agents constructs, and a sample, the
epitope binding agents comprising:

R .R?.R?RY

R2Z5_RZ_R3OR3L.

wherein:

R** is an epitope binding agent that binds to a first
epitope on a target antibody;

R?* is a flexible linker attaching R** to R?°;

R and R*® are a pair of nucleotide sequences that are
not complementary to each other, but are complemen-
tary to two distinct regions on O;

R*” and R* are labels that together comprise a detection
means such that when R>® and R*° associate with O a
detectable signal is produced, wherein the detection
means is selected from the group consisting of fluo-
rescent resonance energy transfer (FRET), lantha-
mide resonance energy transfer (LRET), fluorescence
cross-correlation spectroscopy, flourescence quench-
ing, fluorescence polarization, flow cytometry, scin-
tillation proximity, luminescence resonance energy
transfer, direct quenching, chemiluminescence
energy transfer, bioluminescence resonance energy
transfer, excimer formation, colorimetric substrates
detection,  phosphorescence,  electro-chemical
changes, and redox potential changes;

R?® is an epitope binding agent that binds to a second
epitope on the target antibody;

R* is a flexible linker attaching R*® to R*°; and

O is anucleotide sequence comprising a first region that
is complementary to R?, and a second region that is
complementary to R*®, wherein the free energy of
association between O and RS, and between O and
R, is from about -5 to about —12 kcal/mole at a
temperature from about 21° C. to about 40° C. and at
a salt concentration from about 1 mM to about 100
mM and

(b) detecting whether R*® and R*° bind to O, such binding
indicating that the target antibody is present in the
sample.

17. The method of claim 16, wherein total internal reflec-

tion fluorescence is used to detect whether R*® and R*>° bind to
0.



